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PROBABILITY DISCRIMINATION IN A 
MOTOR TASK! 


L. BENJAMIN WYCKOFF AND JOSEPH B. SIDOWSKI 


University of Wisconsin 


The study of the reactions of human 
Ss, when confronted with ambiguous 
situations, is of considerable theo- 
retical and practical importance. 
One aspect of this problem has been 
investigated in a number of ex- 
periments referred to as verbal con- 
ditioning experiments, which have 
utilized a paradigm originated by 
Humphreys (3) and others (2,4). In 
these experiments S was required to 
select one of two responses on each 
of a large number of trials. Each 
response was considered “‘correct” by 
E a certain percentage of the time in 
a random sequence, and S was given 
some signal to indicate correct re- 
sponses. We will refer to the per- 
centage of times that a given response 
was “correct” as the yield of that 
response. 

In such situations S could maxi- 
mize the number of correct responses 
by detecting which response had the 
higher yield and by making that 
response 100% of the time. One of 
the most striking results of these 
studies has been the finding that Ss 


1 This report represents part of the work of 
Contract No. AF 33(038)-23294 between the 
U. S. Air Force Personnel and Training Research 
Center and the University of Wisconsin. 


do not adopt this optimal solution. 
Instead, they tend to make each 
response with a frequency approxi- 
mately equal to its yield. We will 
refer to this mode of responding as a 
matching solution. This finding, if 
shown to be general, would have far- 
reaching implications both for learn- 
ing theory and practical situations in 
which the consequences of a response 
are variable. The question may be 
raised whether the appearance of the 
matching solution is due to factors 
inherent in the operation of inter- 
mittent reinforcement or whether it 
might be due to certain other factors 
which these experiments have had in 
common. 

All of these experiments have 
placed S in a situation where his 
assigned task has been to make a 
series of guesses or predictions. The 
responses to be made were essentially 
verbal in nature, requiring no skill. 
Recognition of this feature is illus- 
trated by the use of the term “verbal 
conditioning” (1,2,3). Similarly the 
reinforcements have been simple cues 
which indicated that the response was 
correct or not correct. These char- 
acteristics appear to have set the 
stage for a kind of puzzle-solving 








226 


attitude on the part of S that is 
illustrated by the typical attempts of 
S to find a pattern in the sequence. 

The present study differed from the 
earlier studies in that both the gues- 
sing responses and the reinforcement 
were incorporated into a motor task. 
The situation was arranged so that 
guesses regarding an uncertain event 
would occur in the course of per- 
forming the task, even though Ss were 
not instructed to guess and no direct 
reinforcement for guessing was used. 
It was hypothesized that under these 
conditions performance would tend to 
approach the optimal solution rather 
than the matching solution. Reasons 
for this hypothesis will be considered 
in the discussion. 

The S’s task was that of tracking a 
target which swept across a screen in 
either of two directions in a random 
sequence. An attempt was made to 
arrange the task so that it would be 
very difficult unless S anticipated the 
target by moving the cursor to the 
correct side before the target actually 
appeared. Thus Ss did engage in 
guessing behavior although this aspect 
of the task was not mentioned in the 
instructions. 

The percentage of targets moving 
in each direction was varied syste- 
matically. 


MetTuHop 


Subjects.—The Ss for this experiment were 60 
male university students who were paid for 
serving as Ss. 

Apparatus—The main components of the 
apparatus were (a) a display and hand-control 
unit, and (b) a programming and recording unit. 
A view of the display and hand-control unit is 
presented in Fig. 1. The target and cursor were 
presented as shadows on a milk-glass screen. 
The cursor consisted of a l-in. open circle 
mounted on a 6-in. arm which could be rotated 
through a 90° arc by a 90° twisting motion of a 
wooden handle grip. The hand control had 
limit stops 45° on each side of vertical. 

The target consisted of a }-in., solid circle 
mounted on a 6-in. arm which rotated through 
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Fic. 1. The Ss’ view and rear view of display 
and control unit. 


360° about the same axis as the cursor. The 
target arm was coupled to a reversible 15-rpm 
synchronous motor by means of a flexible cable. 
The motor was placed in a sound-shielded box to 
eliminate the possibility of differential sound 
cues which might otherwise indicate the direction 
of motion. 

A 15-w. light 15 in. behind the screen cast a 
shadow of the target and cursor on the screen. 
A small red light, also behind the screen, could 
be lighted as a signal. 

An electrical contact (not shown) mounted 
on the cursor hub and activated by a cam on the 
target hub provided an electrical “on target” 
signal whenever the target and cursor were 
within } in. of each other. Additional contacts 
indicated whether the cursor was in the right or 
left half of the field and provided other signals 
for the programming circuits. 

The display and control unit was mounted in 
a window in the wall of a booth. The height of 
the hand control and display window were 30 in. 
and 50 in. so that S could work conveniently 
while seated in the office armchair which was 
provided. The booth was lighted with a 40-w. 
lamp placed so as not to shine directly on the 
display window. A speaker in the booth was 
used to present signal tones. 

The ‘programming and recording unit pro- 
vided for completely automatic presentation and 
scoring of a sequence of trials, as indicated in the 
procedure below. 

Procedure on individual trials —On each trial 
the target started from the bottom position, 
moving clockwise or counterclockwise. The 
target appeared in the window 1.5 sec. later 
(having moved 135°), swept across the window 
in 1 sec., and continued to the bottom position. 
A buzzer which was activated at the same time 
as the motor served as a 1.5-sec. warning signal. 
At the end of one revolution the motor and 
buzzer stopped. The next trial started auto- 
matically 3 sec. later. The direction of motion 
was determined by an automatic device utilizing 
a punched tape. Targets appeared on the right 
or left in a random sequence which repeated after 
200 trials. No other restrictions were imposed 
on the randomization, but the percentage of 
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targets moving from right to left varied as indi- 
cated in the experimental design. The same 
sequence was used for all Ss in a given group. 

If the cumulative time-on-target during any 
one attack exceeded a preset interval, the red 
“hit” light was immediately lighted and a low- 
pitched tone was sounded in the booth, indi- 
cating a “hit.” This circuit sometimes was dis- 
connected under conditions described below. 

If the cursor was within i in. of the center at 
the moment preceding the appearance of the 
target, the possibility of scoring a hit on that 
trial was canceled so that Ss would not adopt 
the habit of holding the cursor in the center 
position between trials. At the same time the 
“anticipation scoring circuit” was momentarily 
activated. If the cursor was on the right side 
of the center point, whether near the center or 
not, a right-side anticipation was recorded. 

The number of hits and the number of right- 
side anticipations were recorded on a printing 
counter at the end of every 10 trials. Antici- 
pations were recorded on only 9 out of each 10 
trials beause of technical considerations. 

Design.—The 60 Ss were randomly assigned 
to five groups of 12 Ss each who received 25, 40, 
50, 60, and 75% targets from the right. Each 
of the five groups was divided into two subgroups 
which differed with respect to the amount of 
time-on-target required for a hit. The intervals 
used were .3 and .5 sec. A methodological 
problem was involved in picking an appropriate 
interval; thus, these two intervals were used. 

Procedure——The Ss were seated before the 
apparatus and given the following instructions: 


“This is a tracking apparatus. This handle 
(demonstrating) controls the right and left move- 
ment of the tracking arm which you see through 
the glass. Note the large circle mounted atop 
the arm. When the experiment begins, a 
moving target will appear in the window. This 
target will consist of a rod with a dot upon it. 
Your job is to track the small dot, attempting to 
keep it within the larger circle of the tracking 
arm. If you can stay on target a certain length 
of time, a red light will go on, and a tone will be 
presented, and you will score one point. Try 
to score as many points as you can. Continue 
to track as well as you can until you are told to 
stop. Any questions?” 

Each S was run for 320 trials, which took 
about 40 min., receiving the prescribed pro- 
portion of targets from the right. The “hit” 
timer was set to require .3 or .5 sec. on target for 
a “hit.” 


RESULTS 


Each trial was tabulated as either 
a right or left anticipation, depending 
on whether the cursor was on the 
right or left side of the center point. 
The percentage of correct anticipa- 
tions in blocks of 20 trials was com- 
puted for each S. For this purpose 
we define a right-side anticipation as 
correct for the 60% and 75% groups, 
and left as correct for the 25% and 


TABLE 1 


PERCENTAGE oF Correct AnTicIPATIONS IN BLocks oF 20 TrIALs 








Groups 


Blocks 
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.3-Sec. Subgroups 








.5-Sec. Subgroups 





25% | 6 | 65 | 67 | 69 | 72 | 84 | 84 | 87 | 83 | 92 | 93 | 94 | 95 | 97 | 97 | 96 
40% | 43 | 45 | 39 | 41 | 45 | 62 | 62 | 61 | 68 | 77 | 72 | 69 | 77 | 86 | 71 | 78 
50% | 45 | 55 | 53 | 47 | 53 | 38 | 52 | 48 | 6 | 36 | 33 | 52 | 50 | 49 | 41 | 50 
60% | 46 | 52 | 61 | 71. | 80 | 73 | 85 | 66 | 62 | 81 | 81 | 75 | 78 | 87 | 83 | 77 
75% | 57 | 62 | 72 | 69 | 78 | 76 | 84 | 98 | 94 | 94 | 91 | 89 | 95 | 92 | 96 | 91 
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BLOCKS OF 20 TRIALS 


Fic. 2. Group mean learning curves for .3-sec. 
required-time-on-target subgroups 


40% groups. Right-side anticipations 
were arbitrarily considered correct for 
the 50% groups. Group means are 
presented in Table 1. The 25% and 
75% groups were combined in order 
to balance the effects of side prefer- 
ences, as were the 40% and 60% 
groups. The combined group data 
for the .3-sec. subgroups are presented 
in Fig. 2. The corresponding curves 
for the .5-sec. subgroups are shown in 
Fig. 3. 

The percentage of correct antici- 
pations in the last 120 trials was taken 
as the terminal level for each S. 
These data are presented in Table 2. 
The differences between obtained 
terminal levels and the terminal level 
which would be expected on the 
hypothesis of a matching solution 
were tested by means of a # test (5) 
for an exact hypothesis. The results 
are presented in Table 3. For the 




















5 10 is 
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Fic. 3. Group learning curves for .5-sec. re- 
quired-time-on-target subgroups. 
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TABLE 2 


TERMINAL LEVEL IN PERCENTAGE CORRECT 
ANnTICIPATIONS FOR Last 120 TriaLs 








Group 
Subgroup 





25% | 75% | 40% | 60% | 50% 








5 sec. 93 97 85 82 57 




















TABLE 3 


Dirrerences BETWEEN OBTAINED TERMINAL 
LEVELS AND TERMINAL LeveL ExpecTeD 
on Hyportuesis oF A MATCHING 
SoLUTION 








Sub- Comparison Means t P 
group 


.5 Sec. | Obtained terminal 
level 25-75% group 
and expected 75% 

Obtained terminal 
level 40-60% group 
and expected 60% 


.3 Sec. | Obtained terminal 
level 25-75% group 
and expected 75% 

Obtained terminal 
level 40-60% group 

_ and expected 60% 





93.08/75.00 |9.72 | .01 


78.50/60.00 |4.82 | .01 





72.42/75.00| .25 


60.42/60.00| .04 

















.5-sec. subgroups the terminal levels 
were significantly higher than the 
matching solution level beyond the 
01 level of significance. No sig- 
nificant differences were obtained for 
the .3-sec. subgroups. 

The number of “hits” were re- 
corded primarily for the purpose of 
providing a check on the difficulty of 
the task for Ss. These data will not 
be reported since they are of only 
secondary interest. We may, how- 
ever, note the following: The task was 
neither unduly easy nor unduly dif- 
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ficult for the .5-sec. subgroups. All 
Ss succeeded in scoring frequently but 
none approached perfect performance. 
On the other hand, the task seems to 
have been somewhat too easy for the 
.3-sec. subgroups. Many Ss showed 
near-perfect scores toward the end of 
the session, and all of the .3-sec. sub- 
groups showed mean frequencies of 
hits above the frequency of targets 
from the most frequent side, in all 
blocks from Block 6 on. 

Some of the aspects of the results to 
be noted are as follows: ‘ 

1. The group curves for the .5- 
sec. subgroups give no indication of 
a tendency toward a matching solu- 
tion (a mode of behavior in which 
the performance percentages match 
the target percentages). On the 
contrary, the percentages of cor- 
rect anticipations clearly continue 
to rise until they are well above the 
target percentages. Furthermore, 
these curves would not seem to indi- 
cate that asymptotic performance 
had been reached. 

2. The group curves for the .3-sec. 
subgroups taken by themselves would 
seem to be quite consistent with the 
hypothesis of a matching solution. 
Group terminal performance, as meas- 
ured by the last 120 trials, yields 
values very close to what would be 
expected on the basis of a matching 
solution. However, this observation 
must be tempered by consideration of 
the distributions of terminal levels. 
These distributions do not indicate 
that the group means accurately 
reflect individual performance. This 
point will be considered in more detail 
in the discussion. 


Discussion 


We will consider first some of the im- 
plications of the learning curves for the 
.5-sec. subgroups and then return to a 
discussion of the .3-sec. subgroups. Per- 


haps the most interesting finding in the 
present experiment is that, under certain 
conditions, performance curves continued 
to rise well above the level which would 
correspond to a matching solution, and 
moved in the direction of an optimal 
solution. This lends support to the 
notion that the appearance of a matching 
solution in previous studies (2, 3) was 
due, in part, to special features of the 
situations not inextricably associated 
with intermittent reinforcement. 

One of the main differences between 
the present and previous studies (1, 2, 
3, 7) lies in the fact that the present 
experimental situation placed the gues- 
sing aspect of the task in a secondary, 
inconspicuous position. The Ss were not 
told to guess nor were they ever given an 
indication that E was scoring them on 
their guesses (anticipatory responses). 
The reinforcement for anticipating the 
target lay in the direct advantage gained 
by S in his efforts to track the target. 

In one sense, the reinforcement for 
anticipating was indirect in that points 
were not awarded for anticipating cor- 
rectly but rather for tracking well. 
Thus, one might expect that the rein- 
forcement would be less éffective in the 
present case and that a high level of 
performance would be less likely to occur. 
However, it is not necessary to assume 
that the presentation of a “correct” 
signal has an equivalent effect in all 
experiments. We must not lose sight of 
the fact that the reinforcing effect of a 
“correct” signal is necessarily dependent 
on past experience in a rather compli- 
cated way. The effectiveness of such a 
signal in a particular situation probably 
depends on the significance which has 
been attached to such signals in similar 
situations in the past. Because of this, 
Ss’ attitudes or reactions to the situation 
in general become very important, since 
they establish the generalizations which 
in turn control the effectiveness of the 
reinforcement. 

More specifically, we may hypothesize 
that situations which place emphasis on 
guessing and prediction are closely re- 
lated to past experience with certain 
kinds of games and puzzles. This re- 
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lationship carries two important impli- 
cations: (4) When working a puzzle, 
intermittent “correct” and “incorrect” 
responses in an apparently meaningless 
pattern usually signify failure. Success 
is identified with consistent reinforce- 
ment. (4) In games where one is at- 
tempting to outwit or outguess an 
opponent, it is usually advantageous to 
change responses frequently so that your 
opponent can not predict your responses. 

Another way in which past experience 
with games may control the reinforcing 
effect of the “correct” signal has been 
suggested by Grant (2), namely, many 
games place a premium on predicting 
improbable events or, in other words, 
“calling long shots.” This factor would 
imply that the same signal might have a 
stronger reinforcing effect on responses 
with a low yield than on responses with 
a high yield. (Of course, the signal 
would not be obtained as often on low 
yield responses.) 

All of the above factors would reduce 
the tendency to approach the optimal 
solution. This analysis does not offer 
any immediate explanation for the ap- 
pearance of the matching solution, but 
it can account for the failure to obtain 
an optimal solution. 

The present experiment, in contrast to 
the previous experiments, confronts S§ 
with a task involving motor skill and 
coordination. Neither the instructions 
nor the task itself suggest that there is a 
problem or riddle to solve. This situ- 
ation is related to past experience with 
manual tasks and games involving skill. 
In such activities it is rarely required that 
a perfect response be made on every 
attempt. On the contrary, games of 
skill characteristically allow for indefinite 
improvement and no completely “cor- 
rect” response is defined. Here failure 
to obtain consistent reinforcement is not 
taken as an indication of over-all failure. 

Furthermore, motor-skill games gen- 
erally do not emphasize the need to 
outwit an opponent. In throwing darts, 
for example, there is no need to be un- 
predictable. To be sure, it is advan- 
tageous to be unpredictable in some 
games such as tennis, but even here this 


aspect is probably less important than 
hitting the ball properly. 

Thus we see that the factors which 
might tend to prevent, the attainment of 
an optimal solution in studies empha- 
sizing guessing, or suggesting a riddle to 
be solved, are absent or very much 
reduced if the guessing aspect is made 
subordinate to some other skill. 

This analysis also suggests certain 
other conditions under which one might 
expect to obtain performance approach- 
ing an optimal solution. It ‘might be 
possible to influence S’s attitude by 
means of instructions in such a way that 
generalization to previous experience 
with games would be reduced. In an 
experiment by Morin (6) some Ss were 
told that one response was correct for 
each of several stimuli, but that the 
“correct” signal would not always be 
accurate. The Ss were told, in effect, 
that if they failed to obtain consistent 
reinforcement, this might be the fault 
of the apparatus rather than theirs. 
These instructions would tend to reduce 
generalization to puzzle-solving situ- 
ations in which lack of consistent rein- 
forcement is an indication of failure. 
Morin’s experiment was also complicated 
by the fact that eight different stimuli 
were used and the yield for the two 
responses depended on the stimulus 
presented. Results showed performance 
well above the matching solution level. 

Findings for the .3-sec. subgroups.—lIt 
was observed, in Fig. 2, that group mean 
curves for the .3-sec. subgroups appeared 
to approach a matching solution. How- 
ever, inspection of the terminal levels, 
in Table 2, for these S's indicates that the 
group mean curves do not reflect indi- 
vidual performance accurately. Virtu- 
ally no individual Ss reached a terminal 
level corresponding to the target fre- 
quencies. For example, in the combined 
25-75% group, only 1 out of 12 Ss 
reached a terminal level between 65% 
and 85%. This could hardly be taken 
as support for the prediction of a 
matching solution. One explanation for 
these findings is based on the fact that 
it was possible for Ss to score hits even 
though they anticipated the target in- 
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correctly. The fact that this did occur 
was confirmed by Es’ observations and 
also by the high frequency of “hits” 
recorded. 

In view of this fact we conclude that 
the contingency between anticipation of 
the target and the opportunity to score 
was broken when Ss attained a certain 
level of proficiency at the tracking task. 
Thus, after a certain point it made little 
difference to Ss whether they anticipated 
the target correctly or not. Apparently 
at this point some Ss had already ac- 
quired a tendency to anticipate on the 
most frequently correct side and simply 
continued with this pattern since there 
was no reason to change. Others had 
acquired no preference and continued to 
alternate from one side to the other. It 
is interesting to note that several Ss 
acquired a tendency to anticipate on the 
least frequently correct side and con- 
tinued with this pattern. We may 
conclude that the appearance of a group 
curve resembling a matching solution 
was a coincidence. 


SUMMARY 


The present study tested the generality of 
certain findings of some verbal conditioning 
studies on the effects of intermittent reinforce- 
ment on human performance. The Ss were 
forced to make a prediction regarding the path 
of a target if they were to succeed in the tracking 
task which was assigned them. In contrast to 
previous studies, Ss were given no instructions 
regarding the problem of prediction nor was it 
indicated in any way that some predictions were 
considered correct and others incorrect by E. 
This arrangement was expected to reduce the 
tendency of Ss to interpret the task as a guessing 
or problem-solving task. 

The targets swept across a screen in an arc 
in either direction in a random sequence with a 
fixed percentage from each side. Percentages of 
25, 40, 50, 60, and 75% were used for different 
groups. The Ss were instructed to track the 
target with a cursor operated by a simple hand 
control. Each trial lasted 1 sec. and if S suc- 
ceeded in staying on target for a cumulative 
total of .3 sec. (or .5 sec.), a signal was presented 
indicating a “hit.” It was intended that the 


task would be very difficult unless S anticipated 
the target by slewing to the correct side before 
the target appeared. This intention was ful- 
filled for the .5-sec. groups but not for the .3-sec. 
groups. 

The results for the .5-sec. groups show a 
gradual negatively accelerated increase in the 
percentage of anticipations toward the most 
frequently correct side. A level of well over 
75% for the 25% and 75% groups and over 60% 
for the 40% and 60% groups was reached within 
the 320 trials of the experiment. This finding 
contrasts with the findings of several previous 
studies in which the response percentages ap- 
proached the stimulus percentages. The .3-sec. 
groups showed considerably less improvement. 
This difference probably can be attributed to the 
fact that Ss learned to score on the tracking task 
without anticipating the target correctly. 

Reasons for the difference between the present 
results and previous results are considered in 
detail. Our interpretation includes the notion 
that the decreased tendency to interpret the task 
as a guessing or problem-solving task eliminates 
certain factors which otherwise interfere with the 
approach to an optimal solution. These factors 
are related to past experience with guessing and 
problem solving. 
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SOME CHARACTERISTICS OF ACHIEVEMENT 
MOTIVATION ! 


ELIZABETH G. FRENCH 


Personnel Research Laboratory, Air Force Personnel and Training Research Center 


This study represents an attempt 
to investigate systematically: (a) the 
relationship between the administra- 
tion of verbal instructions designed to 
vary achievement motivation and 
changes in scores on an independent 
measure of motivation, and (b) the 
relation of the first two variables, 
motivating conditions and measured 
motivation, to performance on a 
simple task.; Since it is apparent 
that all individuals do not react in a 
uniform way to attempts to vary 
motivation by means of verbal in- 
structions, a variable, or variables, in 
addition to the instructions must be 
erating. / An hypothesis advanced 
ere is that the individual’s typical 
level of motivation is one of those 
ariables. It is suggested that those 
Ss who fail to respond to cues such as 
verbal instructions designed to raise 
achievement motivation are those 
with generally low need for achieve- 
ment. Thus the typical level of 
achievement need, aswell as the 
stimuli present designed to vary need 
level,-must be taken into account in 
predicting motivation level in a given 
situation. 

Two related hypotheses follow from 
this line of reasoning. One is that a 
greater amount of the variance in 
performance which is mainly a func- 






1 The research was carried out as part of the 
United States Air Force Personnel and Training 
Research and Development program. The 
opinions expressed, however, are those of the 
author and are not to be construed as reflecting 
the views or endorsement of the Department of 
the Air Force. Portions of this paper were read 
at the 1954 meeting of the Amesican Psycho- 
logical Association. 


tion of motivation rather than of skill 
will be due to this resultant total 
motivation than to environmental 
cues provided to raise the level of 
motivation. The second is-‘that the 
degree of relationship between moti- 
vation level in one situation and both 
motivation level and performance level 
in another will depend in part on the 
degree of similarity between the 
situations with respect to motivational 
cues. The present experiment was 
designed to test these hypotheses. 


METHOD 


Instruments.—The motivation measure used 
was a device developed by the author for the 
measurement of complex motivations. It in- 
volves an adaptation of McClelland’s (2) moti- 
vation imagery scoring system to responses to 
verbal items similar to those of Sherriffs’ “In- 
tuition Questionnaire” (3). The items are 
single-sentence descriptions of behavior which 
are presented as typical of hypothetical indi- 
viduals with whom Ss can identify (i.e., “Tom 
always lets the ‘other fellow’ win.”) The Ss are 
instructed to “explain” the behavior. The 
assumption is that an S with high achievement 
motivation, for example, will project that moti- 
vation into his interpretation of another’s be- 
havior when the cause of that behavior is unclear 
and when an interpretation in achievement terms 
is not unreasonable (or even, sometimes, when 
it is). The work of McClelland and of Sherriffs 
and preliminary work of the author indicate that 
this approach to the measurement of motivation 
has validity. The present instrument is dis- 
guised as a “Test of Insight.” Two equivalent 
forms have been developed.? 


2 An article discussing the rationale behind 
the test, describing the test and scoring system, 
and presenting preliminary validation data has 
been prepared for publication. The directions 
for the test, the test, and the scoring system 
have been deposited with the American Docu- 
mentation Institute, and may be obtained by 
ordering Document No. 4607, remitting $1.25 
for microfilm, or $1.25 for photocopies. 
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The performance test was a digit-letter sub- 
stitution test which was very simple and pri- 
marily a speed test. The number of items 
completed could be assumed to be, at least in 
part, a function of the amount of effort expended. 
The test was of such a length that it could not 
be completed in the 5-min. time limit allotted. 
The Ss were instructed to work for both speed 
and accuracy. 

Subjects—The Ss were 90 male students in the 
Officer Candidate School at Lackland Air Force 
Base? 

Procedure.—Two experimental sessions wet e 
involved. In the first, regular Air Kerce test 
administrators gave all Ss one form of the Test 
of Insight during a regularly scheduled testing 
program which all candidates undergo at the 
start of the course. The scores ranged from 0 
to 12 with a mean of 5.30 and SD of 2.02. The 
median was 4.5. The group was then dichoto- 
mized at the median of the achievement moti- 
vation scores and three experimental groups, 
each containing 15 high- and 15 low-scoring Ss, 
were formed. The value of F for the between- 
group variance in motivation scores was .13. 

In the second session, which took place ap- 
proximately five months after the first, Ss took 
one form of the digit-letter code test with no 
orientation other than instructions pertinent to 
the test itself, in order to establish a control 
performance level for each S. Then the verbal 
instructions designed to vary achievement 
motivation level were introduced. 

The Ss in the first group, designated the 
relaxed group, were told by E (the author) in a 
casual and friendly way while she collected the 
code test papers: 

“We are just experimenting today and we 
appreciate your cooperation very much. We 
want to find out what kinds of scores people 
make on these tests. The next test you are 
going to take you will recognize as being like 
one you took when you first came to OCS. 
We're asking you to take this second form today 
to try out the new items. After that you will 
take one more code test. If anyone has any 
questions, I’ll be glad to answer them at the end 
of the period.” 

The second or task-motivated group was told 
the following, in a formal and serious manner, 
by a male airman after the code tests had been 
collected with obvious care: 

“The test which you have just taken measures 
a critical ability—the ability to deal quickly and 
accurately with unfamiliar material. It is re- 


*The author acknowledges with sincere 
appreciation the assistance of Dr. Walter Borg 
of the USAF Officer’s Military School in ob- 
taining and scheduling Ss. 


lated to general intelligence, and will be related 
to your future career. Each man should try to 
perform as well as possible. In a little while 
you will be given a chance to better your score. 
But first, you will take a second form of an 
experimental test you took several months ago.” 

The third or extrinsica ivated group 
was given these instructions by a male airman 
after the code tests had been collected. 

“We want to see how fast it is possible to work 
on a code test like the one you have just taken, 
without making errors. You are familiar with 
it now and know just what has tobedone. Next 
you will spend 25 min. on a second form of a test 
you took several months ago. Then you will 
take a second 5-min. code test. The five men 
who make the best scores in that time will be 
allowed to leave right away—as soon as I can 
check the papers. The others will have more 
practice periods and more tests.” 

The total time scheduled for this group was 
so arranged that it would be immediately ap- 
parent to Ss that the five men who would be 
allowed to leave early would have an hour of 
free time, not an inconsiderable incentive for an 
OCS student. 

The second form of the Test of Insight was 
given immediately following the instructions. 
When all Ss had finished (about 25 min.) the 
second code test was given. The £’s manner 
was in keeping with the particular instructions. 

The Test of Insight papers were alphabetized, 
without regard for experimental group and scored 
by the author. Unfortunately, a second scorer, 
who had assisted in the development of the test, 
was unavailable for this phase. In view of the 
high scorer agreement found (.88 and .91 for 
successive samples), however, it was felt that 
scoring could be done safely by one person. 
The scorer, of course, had no knowledge of the 
group from which any paper came. 


RESULTS 


The main hypothesis stated that 
motivation under particular environ- 
mental conditions was a function of 
the typical motivation level of the 
individual as well as the cues in the 
environment introduced to vary moti- 
vation level. Tables 1 and 2 include 
the data relevant to this hypothesis. 
The mean achievement motivation 
scores for the six subgroups (two levels 
of initial motivation X three experi- 
mental conditions) appear in Table 1. 
Bartlett’s test for homogeneity of 
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TABLE 1 


Mean AcuIEVEMENT MorTIVATION AND PERFORMANCE Scores AS A FUNCTION 
oF IniT1aL Motivation LEVEL AND ExpPERIMENTAL CoNnDITIONS 


















































Experimental Conditions 
Relaxed Task > insi 
Lieto elaxe as t yo Extrinsic 
Motivation 
Motivation Performance Motivation Performance Motivation Performance 
Mean | SD Mean SD Mean SD Mean SD Mean | SD Mean SD 
High 4.20 | 1.68 | 17.73 | 16.59 | 6.27 2.07 | 29.8Q| 16.30 | 5.40 | 2.56 | 18.20 | 15.51 
Low 2.80 | 1.34 | 15.40 17.70 | 4.40 | 2.18 | 16.66 | 14.20 | 5.67 | 1.39 | 22.47 | 14.33 
— 
a 17 03 45** | .48** — .06 02 

















* Correlations with initial motivation. 
eP< 01. 


variance indicated that analysis of 
variance was not inappropriate for 
these data. The analysis (Table 2) 
shows initial achievement motivation 
level significant at the 5% level, as 
well as verbal instructions at the 1% 
level. While motivation level for the 
groups as a whole was affected by the 
experimental conditions, efforts to 
*increase or decrease motivation did 
not override initial levels. Those 
who had high scores on the first test 
tended to have high scores on the 
second test and vice versa. Lack of 
significant interaction between the 
experimental conditfons and initial 
motivation level suggests that the 
apparent reversal for the extrinsic 
group is a result of chance fluctuation. 

The first related hypothesis stated 
that a greater amount of performance 


TABLE 2 
ANALYsIS OF VARIANCE OF SECOND 
AcHIEVEMENT MoTIVATION 

















Scores 
Source of Variance df | MS F 
Initial level of achieve- 
ment motivation 1 | 22.51 | 5.25* 
Experimental conditions 2 | 37.68 | 8.78** 
Interaction 2| 9.43 | 2.20 
Within (error) 84 | 4.29 





OS. 
01. 


variance would be due to motivation 
as measured in the situation than to 
the environmental cues per se. Data 
in support of this hypothesis are pre- 
sented in Tables 3 and 4. Perform- 


TABLE 3 


PERFORMANCE IMPROVEMENT MEANS AS A 
Function oF Seconp ACHIEVEMENT 
Motivation Scores 








Experimental Conditions 





Moti- 
vation Relaxed | Task | Extrinsic 





Mean | SD | Mean 


High | 16.60 | 17.58 | 29.53 | 16.58 | 26.40 | 14.98 


Low *| 16.60 | 16.75 | 16.93 | 13.51 | 14.27 | 12.61 
| | | | 





SD | Mean | SD 








r 00 .48** Bo 








* Correlation between motivation and performance. 
™P < OL. 


TABLE 4 


ANALYSIS OF VARIANCE OF PERFORMANCE 
IMPROVEMENT SCORES WHEN SECOND 
AcHIEVEMENT Motivation Score 
Is A VARIABLE 








Source of Variance | df | MS F 





Achievement motivation 
scores 


| 1 | 1529.34 | 5.92* 


Experimental condicions 2 | 331.74 | 1.28 
Interaction 2 | 382.75 | 1.48 
Within groups (error) 84 | 258.36 














*P < 6. 
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ance improvement scores were ob- 
tained by subtracting each S’s first 
code test score from his second. New 
subgroups of 15 Ss each were formed 
by dichotomizing the experimental 
groups at the median of the Test of 
Insight scores obtained under the 
experimental conditions. The means 
for performance improvement for 
these groups appear in Table 3. The 
analysis of variance (Table 4) shows 
that the F for achievement motivation 
scores is significant at the 5% level. 
That for experimental conditions does 
not reach conventional standards of 
significance. Motivation, as meas- 
ured in the situation, did prove to be 
more closely related to task perform- 
ance than did the motivational set 
created by instructions alone., In 
fact, had the experimental conditions 
been the only measure of motivation 
used, it would have been necessary to 
conclude that achievement motivation 
did not affect the task performance 
even though we know that, due to the 
nature of the task, this is highly 
unlikely. 

The last hypothesis was concerned 
with the degree of relation between 
motivation level in one situation and 
motivation level and performance in 
another as a function of the similarity 
of the motivation cues in the two 
situations. 

It should be pointed out here that 
the original design of the experiment 
called for the administration of the 
first motivation test as an experi- 
mental test on a day when other 
experimental tests were being given, 
in order to minimize achievement 
cues. However, it actually was given 
along with the Career Counselling 
Battery which the men knew was 
important for their future assign- 
ments. This was a real situation 
similar to the one the task-motivated 
directions tried to create. Given 


these conditions, the expectation was 
that the relation between original 
motivation level and both final moti- 
vation level and performance scores 
would be greatest in the task-moti- 
vated group, somewhat less in the 
relaxed group where no achievement 
cues were provided by the environ- 
ment, and least in the extrinsically 
motivated where an entirely different 
set of motivational cues was intro- 
duced. The interaction value in Table 
2 and a corresponding one computed 
for the performance data in Table 1 
provide the over-all test of this hy- 
pothesis. The F ratio of 2.20 found 
in Table 2 and the one of 2.16 ob- 
tained for the performance data do 
not reach the .05 level of significance. 
They are large enough to be sug- 
gestive, however, and the differences 
in the table are in the predicted 
direction. Therefore, correlations be- 
tween original motivation scores and 
the other sets of scores were obtained 
to provide more information. These 
are presented in Table"l. Those for 
the task-motivated group are both 
significant beyond the .01 level; those 
for the other groups do not reach the 
05 level. In addition, according to 
expectation, both correlations for the 
task-motivated group are significantly 
greater than the corresponding ones 
for the extrinsically motivated group. 
The difference between the correla- 
tions for the task-motivated and 
relaxed groups is significant for the 
performance scores but not for the 
motivation test scores. These re- 
sults give support to the hypothesis 
that similarity of motivation level 
from situation to situation is most 
likely to be found when environmental 
cues relevant to motivation are simi- 
lar, and that performance can best 
be predicted under those circum- 
stances as well. 
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Discussion 


Only one point needs further dis- 
cussion. Although the interaction given 
in Table 4 also proved to be nonsignifi- 
cant, examination of the means in Table 
3 raised a question concerning the re- 
laxed group. Correlations computed be- 
tween second achievement scores and 
performance scores separately for the 
three conditions yielded values for the 
two motivated groups that were sig- 
nificantly higher than the zero value 
obtained for the relaxed group. This 
was contrary to prediction. An ex- 
planation advanced here is that this 
finding could be due to the nature of the 
instructions to this group. The task 
was presented to Ss in such a way that 
it might have appeared uninteresting to 
those with high achievement motivation 
but stimulating to those with high af- 
filiative motivation. The achievement 
or goal-attainment aspect of the situation 
was de-emphasized by the instructions. 
But the female E was friendly in dealing 
with the group and asked for cooperation. 
Achieving high scores could be perceived 
as a way of pleasing E. Under these 
circumstances Ss with high affiliative 
motivation would be expected to work 
hard on the task. Atkinson (1) has 
suggested such a possibility in the inter- 
pretation of his experimental results. 
This hypothesis was tested by rescoring 
the Test of Insight papers for affiliation 
imagery and correlating these scores 
with performance. These correlations 
were .48, .02, and — .13 for the ne 8c | 
task, and extrinsic groups, respectively. 
The relationships expressed are the exact 
reverse of those for achievement moti- 
vation shown in Table 3. Apparently 
the relaxed situation was not only lacking 
in achievement motivation cues but con- 
tained cues relevant to affiliation as a 
motive. 

In general our findings were in support 
of the hypotheses proposed: that what 
has been described as typical level of 
achievement motivation is a significant 
variable affecting the degree to which a 
desired level of motivation can be aroused 
by introducing appropriate cues into an 


experimental situation; and that this 
resultant motivation, as it was measured, 
was related to performance. The findings 
suggest that an independent measure of 
motivation and a knowledge of the char- 
acteristics of the stimulus situation are 
both essential for predicting performance. 
The incidental finding, not specifically 
predicted, that it is possible to some 
extent to identify in advance which Ss 
are more likely to increase output under 
a given set of stimulus conditions, is of 
considerable interest. 

The final point to be made is that the 
results, which are in accordance with the 
hypotheses proposed, provide additional 
validation for the Test of Insight as a 
method of measuring achievement moti- 
vation. 


SUMMARY 


An independent measure of motivation and a 
performance test were given under three different 
verbally created conditions of achievement 
motivation: relaxed, task motivated, and ex- 
trinsically motivated. 

The results, consistent with hypotheses pro- 
posed, may be summarized as follows: 


1. Increase in achievement motivation score 
was a function of both previous motivational 
level and the experimental conditions. 

2. Performance scores were more closely re- 
lated to motivation scores than to the experi- 
mental conditions. 

3. Performance scores in one situation tended 
to be most closely related to motivation scores 
in another when the situations presented similar 
motivational cues. 

4. In addition, when affiliation cues were more 
prominent in the situation than achievement 
cues, performance was related to affiliation 
motivation scores rather than achievement 
motivation scores. 
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A STOCHASTIC MODEL FOR TIME-ORDERED 
DEPENDENCIES IN CONTINUOUS SCALE 
REPETITIVE JUDGMENTS * ? 

BERNARD WEISS, PAUL D. COLEMAN,‘ AND RUSSEL F. GREEN 


University of Rochester 


The impetus for the study pee 
here arose from a phenomenon ob- 
served in our laboratory in the per- 
formance of a simple psychophysical 
task: bisecting a perceived angular 
distance by setting a knob on the 
basis of kinesthetic cues. This phe- 
nomenon takes the form of an initial 
drift in constant error. Typically, 
Ss tend to make their first setting close 
to the required value; on the settings 
that follow, they tend to overshoot 
more and more until they reach a 
range of values at which they begin 
to level off. When the data for all 
Ss are pooled, the initial drift seems 
to persist for about 3 to 10 trials. 
This initial drift stimulated the sus- 
picion that a long time series of 
adjustments might yield an oscillatory 
function dominated by periods the 
length of the original drift; and so an 
investigation was planned to study 
the pattern of serial dependencies in 
such a time series. 

Psychologists have been aware for 
some time that the successive re- 


1This study was conducted as part of a 
research program on human motor performance 
supported by a contract between the Special 
Devices Center, Office of Naval Research, and 
the University of Rochester with Dr. S. D. S. 
Spragg as the responsible investigator. The 
authors would like to thank Dr. Spragg for his 
support and encouragement. 

*The authors are indebted to Drs. John 
Tukey, Karl Lowy, Arthur Dutton, and William 
F. Taylor for suggestions and comments on the 
manuscript. 

*Now at the USAF School of Aviation 
Medicine, Randolph Field, Texas. 

* Now at the Army Medical Research Labora- 
tories, Fort Knox, Kentucky. 


sponses of an S in many types of 
psychophysical situations are not in- 
dependent. But, until lately, with 
the application of more sensitive and 
efficient techniques, the nature of the 
dependency was not clear. Some 
recent studies using these techniques 
have more successfully probed the 
problem. Autocorrelation analysis, 
for example, has been used to uncover 
any serial dependencies present in 
sequences of yes-no responses, such 
as those made in threshold or DL 
studies (3, 7, 11, 12). The general 
conclusion imposed by these and 
similar studies is that S tends to give 
a “yes” response if the previous re- 
sponse was “yes,” and vice versa. 
Another technique suitable for such 
applications is spectral analysis. 
Abelson (1) tried to use this tech- 
nique to describe individual differ- 
ences in the performance of a simple 
repetitive task. Reliable individual 
differences appeared in the production 
of low-frequency components, indi- 
cating that in the output time series 
there were differences in the degree 
to which neighboring observations 
tended to be alike. Wertheimer (12) 
used spectral analysis in addition to 
autocorrelations to measure fluctua- 
tions in threshold measurements and 
found significant serial dependencies. 

These techniques may also be used 
to help choose among alternative 
models to represent the underlying 
stochastic process in the time series. 
A stochastic process may be defined 
as a process in which one or more 
stochastic (random) variables enter 
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whose probability distribution de- 
pends on a continuously varying 
parameter, usually time. The object 
of the present study was to obtain a 
stochastic model for the time-ordered 
dependencies in the bisection task. 


PROCEDURE 


To secure time series of sufficient length on 
this task—none of the earlier Ss had been run 
for more than 30 trials—20 Ss were required to 
make 120 bisections of an angle on each of two 
consecutive days. The angle measured 40°. 
The S, who was always blindfolded and never 
received knowledge of results, sampled the angle 
(whose limits were set mechanically) by rotating 
the knob twice through it; he then tried to bisect 
the angle. To insure against a loss in motiva- 
tion, Ss were promised bonuses for accuracy: 5 
cents for each setting within 1° of center, 1 cent 
for each setting within 2° of center. The Ss 
were paid at the conclusion of the experiment. 
Apparently this procedure succeeded in main- 
taining the original level of motivation since 
variability did not show a significant rise. 

While frequency of adjustment was not 
uniform, the time between the termination of 
one trial and the onset of the next was almost 
constant (about 5 sec.); S was self-paced during 
the actual setting. The S, it should be noted, 
since he was judging on a continuous scale, could 
choose from a theoretically infinite set of 
possibilities. 


RESULTS 


Autocorrelation and spectral analy- 
sis.—The two chief methods of analy- 
sis used were autocorrelation and 
spectral analysis. ‘These are believed 
to be the most powerful methods 
available for revealing serial depend- 
encies and are capable of detecting 
significant periodicities in the time 
series if they are present. 

These methods of analysis assume 
stationary time series. A stationary 
time series is one whose basic char- 
acteristics (probabilities) do not vary 
when it is shifted along the time axis. 
That is, the distributions of the ran- 
dom variables generated by the sto- 
chastic process are all the same and do 
not depend on time. Thus, if the 


original series is displaced by g obser- 
vations and the properties of the 
series do not change, it is said to be 
stationary. Because our data re- 
vealed no obvious trends after the 
initial drift, we considered it legiti- 
mate to assume that the series ob- 
tained were stationary. 

Since autocorrelation analysis in- 
volves laborious computations, we 
first tried to discover whether the time 
series generated by the Ss were grossly 
random. For this purpose, the modi- 
fication of the Wald-Wolfowitz test 
given by Moses (5) was used, and the 
results are shown in Table 1. A run 
is defined as a series of consecutive 
settings above or below the median. 
From the number of significant runs 
obtained it was evident that the Ss 
did not generate random series (6) 
and so it was decided to employ the 
greater descriptive sensitivity of auto- 
correlation analysis. 

An autocorrelation is computed in 
the same way as an ordinary product- 
moment correlation coefficient, except 
that it is used to reveal the relation- 
ship among observations separated by 
a certain number of intervening obser- 
vations. Thus, the autocorrelation 
of Lag 1, Ri, is the correlation co- 


TABLE 1 
NumBer or Runs Mape sy Eacu S ror 
First AND SEeconp Session 


(T = Number of consecutive settings above 
or below the median) 











S Ti Te Ss Ti T: 
l 30* 41* 11 49* 40* 
2 54 54 12 51 28* 
3 42* 54 13 42* 49* 
4 57 46* 14 44* 48* 
5 35* 43* 15 45* 56 
6 51 50* 16 47* 48* 
7 +” ae 48* 17 42* 54 
45* 52 18 49* 45* 

9 50* 46* 19 42* 58 
10 53 61 20 59 52 























* Significant at 5% level or less (Wald-Wolfowitz 
test). 
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TABLE 2 


AuTocorrELaTions OF Lacs 1-5, 10, AND 
20, ror 10 Ss Over Tue First 120 




















TRIALS 
Lag 
Ss 
1 2 3 + 5 10 20 

2 37 | .27 | 24] .13 18 01 |—.04 

5 43) .21).15| .05| —.04 31 12 

7 .27| .36|.24| 09) .24)—.15] 01 

9 25} .13 | .05|.11 01 | —.06 |—.22 

13 .25|.28|.32|.23| .11|-.07 |—.16 

15 43 | .32|.18|.17 19|—.07| .03 

16 .34| .17| 06} .02 13 13 08 

18 46 | .43 | 32) .38 32 29; Ol 

19 .57|.45|.32|.12} .08| .08| .04 

20 44} .31).29).25| .43 ay 6 
Mean* | .39} .30/.22|.16| .15 07; .0O1 


























* Mean based on z conversion. 


efficient between the series Xj, Xo, 
. » Xn-1, and the series Xo, Xs, 

, Xn, where each pair of values 
eonsiats of observations X; and X,441. 
Autocorrelations of greater lags are 
obtained in a similar fashion. In the 
present study, autocorrelations of 
Lag 1, 2, 3, 4, 5, 10, and 20 were com- 
puted for 10 of the 20 Ss for the first 
120 trials. These 10 were selected at 
random. The data for the other 10 
Ss were not used in the computations 
because of considerations of time and 
expense. The picture that emerged, 
however, was quite clear, as can be 
seen in Table 2. The coefficients for 
the group as a whole, obtained via 
the z transformation, fall steadily in 
size as lag increases. A specific set- 
ting, therefore, tends to be most 
related to the preceding one, with 
influence declining as the temporal 
relationship becomes more remote. 
This pattern of dependency also indi- 
cates that the series are subject to 
long-period drifts and fluctuations. 
Such a pattern, of course, may or may 
not wholly fit the series generated by 
the individual Ss. The correlogram, 


or plot of autocorrelation coefficients 
against lag, is shown in Fig. 1. 

The relationships suggested by the 
correlogram, however, are obscured 
in many cases by the sampling de- 
ficiencies of autocorrelation analysis. 
These arise from the lack of inde- 
pendence among the coefficients. If, 
for example, the autocorrelation of 
Lag 1 is close to unity, then the auto- 
correlation of Lag 2 must also be high. 

The technique known as spectral 
analysis avoids these sampling de- 
ficiencies by postulating a different 
and more complete model. Its funda- 
mental idea is that any stationary 
time series can be described as a sum 
of an infinite number of cosine-wave 
components of particular frequencies 
and amplitudes. This will be recog- 
nized as a statement based on the class 
of theorems originated by Fourier. 
Tukey (9, 10) has provided this model 
with certain useful statistical proper- 
ties by assuming that phase variations 
occur randomly. This proposition 
can thus be expressed ° as 


X,= ¥ a;cos (wit + 9;) 


i=l 


30-4 


207] 


AUTOCORRELATION COEFFICIENT (R,) 








in! | | 
12345 10 20 
LAG 


Fic. 1. Correlogram based on combined 
autocorrelation coefficients for 10 Ss. 


5 The derivation is given by Abelson (1), who 
also provides a clear and detailed exposition of 
this method. 
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where X, = random variable observed 
at time t, w; = angular frequency 
(fixed), a; = amplitude (fixed), and 
0; = phase. 0; varies randomly and 
contributes the variability among 
time-series samples. 

Such a time series has variance at 
angular frequency w; equal to the 
value of a?. The relationship be- 
tween these amplitude values and the 
total variance of the time series is 
given by 


of wt F (1/2) o? 


no i=l 


where o/ = total variance. 

If we plot the contribution to the 
total variance of each component 
frequency, we obtain a distribution of 
variance over frequency. Tukey says 
(10) that it is as natural, therefore, to 
speak of a variance spectrum as of a 
power spectrum. He thus conceives 
the purpose of spectral analysis to be 
to estimate how energy (power, vari- 
ance) is distributed over frequency 
for a given time series. These esti- 
mates, known as the spectral densities, 
s(w), are obtained from the lagged 
cross-products,® since the latter are 
linked to the spectral densities by the 
relation 


ave (X,Xi+45) = f cos pus (w)dw 


where p = lag. The actual technique 
of computation is given by Tukey 
(9, 10). 

While the power spectrum estimate 
of a particular frequency, denoted by 
U,, and the adjacent estimate, Uy,:, 
do, because of smoothing effects, in- 


6 The spectral density function is the Fourier 
cosine transform of the autocorrelation function. 
Indeed, according to a theorem by Wald (see 
2), the necessary and sufficient condition that 
the autocorrelation exist is that S(w), where 
dS(w) = s(w)dw, be a distribution function de- 
fined between 0 and x. - 


fluence one another, any U, and U,,, 
are wholly independent. This allows 
confidence limits for the estimated 
values to be computed without dis- 
tortion by sampling errors in remote 
estimates, and thus permits a test of 
significance 7 of the spectrum, a pro- 
cedure impossible to perform with the 
correlogram. Since the aim of the 
present study was to devise a sto- 
chastic model to represent, the ob- 
tained data, power spectrum estimates 
were computed to test the fits of the 
models proposed; they were not com- 
puted to provide a spectral model. 
The power spectrum is interpreted 
in the following way. If the spectral 
estimates increase in value as w goes 
from its limits of 0 to x (provided the 
?’s are unit increments), the time 
series tends to be dominated by high- 
frequency components and will reveal 
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Fic. 2. Power spectrum estimates for the 
observed data and the first-order and second- 
order autoregressive schemes, with 95% con- 
fidence limits for the observed data. 


7™The test of significance is based on the 
property that (h U,/0,) is approximately dis- 
tributed as x? with A degrees of freedom, where 
h = 2N/m and 0, = population value of Up, 
the power spectrum estimate. (N = number 
of observations, m = number of lag covariances 
used in the computations.) 
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TABLE 3 


AUTOCORRELATIONS AND Power SPECTRUM 


Estimates YIELDED BY THE EMPIRICAL 


DATA AND BY THE First- AND SeEconp-Orper AUTOREGRESSIVE SCHEMES 


(95% confidence limits for 


the empirical estimates) 


























Empirical Data see —! Pegenappention a —' Agtemppention 
Lag 
Auto- Power Spectrum Auto- Power Spectrum Auto- Power Spectrum 
correlation Estimate correlation Estimate correlation Estimate 

0 1.00 47.23412.43 1.00 39.45 1.00 45.73 

1 39 31.854 8.32 39 32.34 39 33.74 

2 30 15.514 4.05 1S 20.38 .29 18.66 

3 22 11.914 3.11 .06 13.10 .16 12.27 

+ 16 11.47+ 2.99 _ 02 11.21 10 11.36 

5 15 11.294 2.95 01 12.04 .06 11.99 











quick ups and downs; if they decrease 


in the same direction, the series tends 
to be dominated by low-frequency 
components and to produce long wave- 
length cycles and drift. 

Power-spectrum estimates for the 
present data were computed from the 
mean autocorrelations of Lags 1 
through 5. These are plotted in 
Fig. 2 (empirical series) and given in 
Table 3 under the heading ‘“em- 
pirical series.’ Confidence limits 
(95%) are also given. These esti- 
mates show the empirical series to be 
dominated by low-frequency compo- 
nents, which indicates, like the cor- 
relogram, that adjacent settings tend 
to be more related than remoter ones, 
and that the series are subject to long 
wave-length drift and fluctuation. 
The high-frequency components, 
which tend to produce rapid alter- 
nations, contribute only a_ small 
portion of the total variance. 

The autoregressive scheme.—Al- 
though stationary time series may be 
generated in several ways, the one 
with which psychologists would typi- 
cally be concerned is the autoregres- 
sive process. This is a series gener- 
ated by the recurrence formula 


xX; _ f(Xi-r, X y~2, . °9 X ¢-) + & 


where ¢ is an error term taken to vary 
randomly. Such a formulation seems 
to be the most useful to the psy- 
chologist because, customarily, it is 
concerned with the linear determi- 
nation of any observation from the 
previous ones. Such an equation 
represents an oscillating system sub- 
ject to random shocks, for example, 
an oscillating pendulum bombarded 
irregularly by small-boys equipped 
with peashooters (2). It should also 
be observed that the autoregressive 
model contains a random additive 
error. (See Kendall, 4, and Tintner, 
8, for further details.) 

The first-order linear autoregressive 
scheme, which represents a time series 
in which only the previous observa- 
tion is needed to make the best pre- 
diction of the next observation, is 
given by the expression 


X 41 = aX, + €¢41- 


In the present case, the estimated 
value of a = .39. (See Tintner, 8, 
for an exposition of the method of 
obtaining coefficients for the auto- 
regressive model.) The _ theoretical 
autocorrelations of the model can be 
computed from the autoregression co- 
efficients. For the first-order model, 
the pth lag autocorrelation, R,, is 
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equal to a? for long time series. This 
yields the values for Lags 1, 2, 3, 4, 
and 5 given in Table 3. 

The second-order linear autore- 
gression equation, which may be re- 
garded as expressing the regression of 
Xix2 on X14, and X,, is of the form 


X 42 + aX ty1 + bX, = €2+2.- 


The present data yield the estimated 
values a = —.326, b = —.165. The 
theoretical autocorrelations are given 
in Table 3. 

The accuracy with which these 
models reflected the empirical series 
was estimated by computing power- 
spectrum estimates from the theo- 
retical autocorrelations yielded by the 
first- and second-order autoregression 
equations and plotting them on the 
graph of the power spectrum of the 
empirical series. The power-spectrum 
estimates for all three series appear 
in Table 3 and are plotted in Fig. 2. 

While the second-order model seems 
to yield a slightly better fit than the 
first-order model, the difference does 
not seem to us to be significant. On 
the principle of parsimony, therefore, 
the first-order model can be accepted 
as the one which describes the sto- 
chastic structure of the present series.® 
Furthermore, Dr. Tukey (personal 
communication) has proposed another 
first-order model, which, provided 
certain assumptions are made, fits the 
observed data even more closely. 
Consider the two series 


Yous - aY, + €& 
Xe41 = Yess + 


where Y, is what S is attempting, and 
what he actually does, X;, is com- 
pounded from Y; and. The e’s and 
ns are independent random terms. 


8 The reader should again note that the power 
spectrum is not itself being used as a model, but, 
rather, as a way of testing differeat autore- 
gressive models. 


Then, if 


cov (Xe, Xe) = cov (Vern, V5), 
cov (Xipp, Xt) = a? wy’ 
var (X,) = cy? + of? 


i ews 
R= (5%) «. 


With a = .78 and oy?/on? = 1.00, the 
theoretical autocorrelations yielded 
by this model differ only slightly from 
those yielded by the empirical series. 
The first-order autoregressive 
scheme is also called a Markoff 
process. This is formally defined as 
a stochastic process in which the 
cumulative conditional probability 
distribution of the stochastic variable 
Xi, given the variables X;,;, X12, 
. 5 is equal to the cumulative 
conditional probability distribution, 
given only X,_,. Thus 


Cit we. 
=> E (X,| Xe-1) 


where E is the mathematical expecta- 
tion (probability). 

Thus, once the value of X at the 
last available value of t is known, no 
previous history of the series is needed 
to make the best prediction about the 
future development of the system. 
It follaws that the state of the system 
and its development are independent 
of the way the system was started. 
In terms of the present experiment, 
this means that, knowing only the last 
setting he has made, we can predict 
S’s future settings as precisely as the 
random variation will permit. 


Discussion 


The model yielded by these analyses 
has not provided a solution to the drift 
problem, although it disposes of the 
hypothesis that the series follow peri- 
odicities of the length of the original 
drift. There are more important impli- 
cations, however, arising from the excel- 
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lent fit of the Markoff process model to 
our data. For we believe that most 
psychologists would have predicted a 
significant relationship of higher order 
than the first, i.e., that they would have 
presumed that knowledge of the past 
history of the organism plays a larger 
part in the prediction of performance 
than our results would indicate. 

Thus, while the particular task we 
chose is not wholly comparable to many 
others which are used in psychophysics, 
we deem it legitimate to suggest that 
some alteration is required in the view 
that an individual’s judgment on a par- 
ticular trial is significantly influenced by 
a large portion, or even the entire history, 
of that individual’s experiences on the 
task. The present data, to repeat, are 
fitted by a model in which the develop- 
ment of a system is governed by only its 
present state and in which the history of 
development is accorded no significant 
role. 

For binary “yes-no” judgments, evi- 
dence is available which indicates that 
the serial dependencies in such tasks can 
also be described as Markoff processes. 
This is shown explicitly in Abelson’s 
analysis of an unpublished experiment 
by Day (1) and by Flynn, Jerome, and 
Moody (3). The results adduced by 
Senders (7) and by Verplanck, Collier, 
and Cotton (12) also indicate that they 
might be described by the Markoff 
model. The significant autocorrelations 
obtained by Senders are heavily con- 
centrated at Lag 1. The critical ratio 
plot given by Verplanck, Collier, and 
Cotton, which presumably reflects the 
size of the serial relationship, shows an 
exponential decline with increasing lag. 
Although these authors claim significant 
dependencies as far out as Lag 11, their 
test of significance was not entirely legit- 
imate since it does not take full account of 
the influence of less remote relationships. 
Using the critical ratio values as a rough 
index of the autocorrelation coefficients, 
one may see that their data might be fitted 
by a first- or second-order autoregressive 
model. 

Although the correspondence between 
these results and ours is gratifying, we 


must assert that they are not directly 
comparable. Since they were obtained 
at threshold, or when the stimuli were 
equated, the yes-no judgment depend- 
encies probably represent guessing hab- 
its. Our results, we submit, reflect 
dependencies which can be attributed to 
what might be called a kinesthetic trace, 
and therefore possess implications for 
judgment models like adaptation-level 
theory. 


SUMMARY 


Previous data showed that Ss performing a 
task in which they were required to bisect, on 
the basis of kinesthetic cues, a perceived angular 
extent (by turning a knob) tended to produce an 
initial drift in constant error. To study more 
clearly the serial dependencies in this task, 20 
Ss were required to perform long series of these 
adjustments. 

Preliminary analysis showed the time series 
generated in this manner to be nonrandom. To 
procure a more complete picture of the time- 
ordered dependencies in the data, the time series 
generated by 10 of the 20 Ss were subjected to 
autocorrelation and power spectrum analysis. 
These techniques revealed that neighboring ob- 
servations tended to be most alike, with in- 
fluence declining as the temporal separation 
became greater. . 

A stochastic model was found for this pattern 
of serial dependency which could be described 
as a Markoff (first-order autoregressive) process. 
This means that for the best prediction of a 
setting only the previous setting need be known, 
the history of earlier performance making no 
direct contribution to the prediction. On this 
basis, it is suggested that remote past experience 
in kinesthetic judgments is of less consequence 
than commonly assumed. 
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SELF-PACED REST WITH VARIATION IN WORK 
LOADING AND DURATION OF PRACTICE! 


INA McD. BILODEAU 
Skill Components Research Laboratory, AF Personnel and Training Research Center 


The effect of work loading on the 
performance of a simple cranking 
response has been investigated in a 
number of studies (1, 2, 3). The 
studies showed marked differences in 
performance while differences in load- 
ing prevailed, but when loading dif- 
ferences no longer obtained, clear-cut 
effects attributable to prior loading 
were difficult to demonstrate. The 
performance differences between 
groups shifted from different work 
loadings to a common loading were 
slight. Any one study offered very 
little ground for rejecting the hy- 
pothesis that inhibition was inde- 
pendent of work loading, although 
the data did indicate, fairly con- 
sistently, a slightly more negative 
effect from prior practice against the 
heavier of two loadings. 

In the above studies, the postshift 
test was given under the loading used 
by one of the loading groups in pre- 
shift cranking. A habit alternative 
can thus be offered to account for the 
postshift differences obtained between 
groups working against the lighter of 
the two loadings employed: in effect, 
that Ss shifted from the heavier to the 
lighter loading suffer a habit disad- 
vantage relative to Ss working against 
a loading with which they are fa- 
miliar. One study in which bidirec- 
tional shifts in loading were made 
affords some support to the habit 


1 This research was carried out under the Air 
Force Personnel and Training Research Center, 
Lackland Air Force Base, San Antonio, Texas, 
in support of Project 7707. Permission is 
granted for reproduction, translation, publi- 
cation, use, and disposal in whole or in part by 
or for the United States Government. 
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alternative, with slight differences 
favoring Ss who worked against the 
heavier loading in pre- and postshift 
practice over Ss who worked against 
the lighter loading before the shift (1). 
A second study revealed little differ- 
ence in rate of responding against the 
heavier loading after either of two 
rests interpolated between pre- and 
postshift practice, though the longer 
rest yielded sizable differences be- 
tween rates of responding against the 
lighter loading (2). The latter ex- 
periment suggests that both habit 
and inhibition may determine the 
postshift differences, acting together 
when the test is against the lighter 
loading and in opposite directions in 
tests against the heavier loading. 
This paper presents a study in 
which the index of inhibition, self- 
paced rest, is without apparent habit 
bias. If there is a difference in the 
amount of inhibition accrued in work 
against different loadings, and if Ss 
allow sufficient rest for complete re- 
covery, the difference should be 
reflected in the times required to 
dissipate the different amounts of 
inhibition. Unpublished data, col- 
lected by the writer, R. A. Goldbeck, 
and B. Reynolds on a self-paced 
learning task, indicated that self- 
paced resting data are correlated with 
the usual indices of differential inhi- 
bition, mean rest increasing as the 
duration of prerest practice increased. 
Different durations of prerest practice 
were used in the present study, also, 
in order to explore the interaction of 
work loading with trial duration and 
to provide a check, with loading con- 








246 INA McD. BILODEAU 


stant, of the adequacy of self-paced 
rest as an index of inhibition. 


METHOD 


Subjects —The Ss were 400 basic trainee 
airmen supplied by Lackland Air Force Base 
and assigned to treatments according to suc- 
cessive, unsystematic testing sequences employ- 
ing each treatment once. 

Apparatus—The apparatus was a manual 
crank (1, 2, 3) requiring S to rotate a handle 
against one of two work loadings. The loadings 
are called Loads 0 and 4, with Load 4 requiring 
about three times the horsepower required by 
Load 0 at any given rate of turning. 

A switch connected to a clock on E’s panel 
was placed to the left of the apparatus on the 
table to which the crank was attached. Pressing 
the switch sounded the buzzer and stopped the 
rest clock. The rest clock was started by E. 

Procedure.—There were 10 groups of 40 Ss 
in a factorial design with five durations of prerest 
work and two work loadings. The Ss cranked 
against Load 0 or Load 4 for 10, 30, 60, 120, or 
240 sec., rested, and then cranked against Load 
0 for 120 sec. 

The interpolated rest was self paced, with S 
instructed to rest until he felt ready to do his 
best. The S started each of his two work periods 
by pressing the switch with his left hand and 
simultaneously starting to crank with his right 
hand. Within periods, S was told to turn the 
crank as fast as possible until E said “Stop.” 
The S was told neither the duration nor number 
of his work periods, nor was he given any in- 
formation about work loading. The instructions 
indicated that he was to have several trials, 
that in each trial he was to do his best, and that 
between trials he was to rest until he could do 
his best. Between work periods, S was allowed 
to remain standing or to take a seat behind a 
screen shielding him from the apparatus. 

The measure of the self-paced rest was taken 
from the rest clock that started when E ended 
the prerest period and stopped when S pressed 
the starting switch. The performance measure 
recorded was rev./10 sec., taken from counters 
on E’s panel. 


REsuULTs 2 


As in previous studies, rev./10 
sec. in prerest practice distinguished 


2 Tables of data presenting for each group the 
means and variances of (a) the no. rev./10 sec. 
in the first and last trials of pre-and postrest 
cranking, and (b) the self-paced rest have been 
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Fic. 1. Mean self-paced rest as a function 
of duration of prerest practice. Prerest work 
loading is the parameter. 


clearly between groups working 
against different loadings, while within 
loadings, performance fell off regularly 
over successive scoring periods. In 
terms of rate of responding in the 
prerest cranking period, thus, the 
groups were differentiated according 
to both experimental variables. 

In Fig. 1, mean self-paced rest in 
seconds is plotted against mean dura- 
tion of prerest practice in seconds; 
work loading is the parameter. For 
either loading, the mean duration of 
self-paced rest increases with negative 
acceleration as prerest cranking in- 
creases up to 120 sec., with a decline 
in self-paced rest between the 120- 
and 240-sec. values of prerest work. 
At least for the first four durations, 
then, self-paced rest seems to agree 
in direction with other measures used 
as indices of the relative amounts of 
inhibition accrued with increasing 
durations of prerest practice. 

It is also apparent that, for each 
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SELF-PACED REST 


duration of prerest cranking, the mean 
self-paced rest is greater for the 
heavier loading. The data exhibited 
a marked nonhomogeneity of vari- 
ance, with variance and mean magni- 
tudes positively related, so that analy- 
ses of variance are not presented. If 
it is assumed that at each prerest 
duration the loadings have equal 
probability of obtaining the longer 
self-paced rest, the binomial expan- 
sion 2 (.5)§ gives a probability of 
0625 for either loading’s yielding the 
longer rest at all five durations of 
prerest cranking.’ 

The grand mean difference between 
the self-paced rests taken after work 
against Loads 0 and 4 is about 15 sec. 
The smallest difference (9.5 sec.) is 
associated with the 10-sec. duration 
of prerest cranking, the largest (20.8 
sec.) with the 120-sec. duration. 
Thus, though Fig. 1 suggests little 
interaction of the rest effects of the 
two experimental variables, the be- 
tween-loading difference in self-paced 
rest follows a trend roughly re- 
sembling the within-loading trend. 

Some indication that °*lf-paced rest 
is related to inhibition is evident in 
the increasing trend of either curve 
in Fig. 1. Other checks are, of course, 
available in comparisons of the pre- 
and postrest starting rates (number 
of revolutions in the first 10 sec. of a 
period) of groups with prerest work 
against Load 0, and in comparisons 
of the postrest performances of the 
10 different groups. The latter checks 
suggest that Ss did not allow sufficient 
rest for complete recovery. The aver- 
age difference between pre- and post- 


The study was repeated with four groups 
(N = 160) at different values of prerest duration. 
Mean self-paced rest after (a) 20 sec. of cranking 
was 85.9 sec. for Load 0 and 94.5 sec. for Load 4, 
and (5) 90 sec. of cranking was 206.9 sec. for 
Load 0 and 212.3 sec. for Load 4. The proba- 
bility that seven differences would be in the same 
direction is .0156. 
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rest starting rates of the Load 0 
groups is a little greater than one 
revolution in favor of prerest cranking. 
The direction of the difference be- 
tween starting rates in the two periods 
was consistent for the five groups; the 
difference is of slight magnitude, how- 
ever, amounting to less than the 
difference between Trials 1 and 2 of 
prerest cranking. The performances 
of the 10 groups, moreover, tended to 
vary with both prerest variables: the 
grand mean of the Load 0 groups was 
slightly greater than the grand mean 
of Ss who worked against Load 4 in 
the prerest period, and, averaged over 
loadings, performance tended to fall 
off as duration of prerest cranking 
increased, though the trend was im- 
perfect. Mean and variance magni- 
tudes were somewhat related, but on 
any one trial the ratio of the largest 
to the smallest of the 10 variances was 
no greater than 3.2. Since the within- 
trial range of variances seemed ac- 
ceptable, a two-way analysis of vari- 
ance was performed’for each of the 
first six postrest trials. Only on the 
first postrest trial, where differential 
warm-up effects might serve to inflate 
between-group differences, were the F 
tests for the load and prerest-duration 
main effects (df = 1 and 390, and 4 
and 390, respectively) significant at 
the .01 level. By the third trial, 
neither main effect reached the .05 
level, and the interaction mean square, 
with df = 4 and 390, was not signifi- 
cant at the .05 level on any of the six 
trials. Nonetheless, these suggestions 
of differential recovery over the rest 
imply that the self-paced rest is less 
adequate the greater the level of 
inhibition, and, therefore, that the 
obtained differences in mean self- 
paced rest, within and between load- 
ings, are less than would occur with 
complete recovery. 
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Discussion 


From Hull’s expression of the dis- 
sipation of Jp as a decay function of rest 
duration (4, p. 300), it follows that the 
time required for Jp to decay to some 
constant value increases as the log of the 
amount of Jz present at the start of rest. 
If Jr increases with duration of work 
(presumably with negative acceleration 
in a self-paced work task), the rest 
required for Ip to reach a value close to 
zero should increase with prerest dura- 
tion. The trend of mean self-paced rest 
over the first four prerest values met the 
above expectation, for either loading. 
The decrease in rest at the longest pre- 
rest duration may reflect sampling error 
or an inadequacy in the method. The 
performance data did suggest that S’s 
estimate of the rest required for recovery 
was less adequate, the greater the pre- 
sumed amount of inhibition. If the 
present measure is accepted as related 
to inhibition, though perhaps imper- 
fectly, the data provide evidence of 
differential between-loading accrual of 
Irn. The resting data give valuable 
support to previous findings, in that self- 
paced rest is free of the objection that 
habit bias could account for between- 
loading differences. A habit bias of a 
different category may be introduced, 
of course, if § shares E’s stereotype of 
the effect of work loading on the accrual 
of inhibition. 

On the assumption that the difference 
between self-paced rests is a linear func- 
tion of the difference between the logs of 
the amounts of inhibition present at the 
start of rest, between-loading differences 
in self-paced rest can also offer indica- 
tions as to the trend of between-loading 
differences in Jp as practice progresses. 


INA McD. BILODEAU 


For example, if the between-loading dif- 
ference in inhibition is quickly stabilized 
at some constant value, the between- 
loading difference in rest should have a 
negative slope with increasing durations 
of prerest work. If between-loading 
differences in rest are to increase, be- 
tween-loading differences in Jp must 
increase with positive acceleration as 
prerest work increases. For the present, 
the obtained differences in self-paced 
rest may be tentatively accepted as 
without trend, and as suggesting that 
approximate proportionality obtains be- 
tween the amounts of Jp accrued against 
Loads 0 and 4 in any given duration of 
work. 


SUMMARY 


Basic trainee airmen were used to explore the 
effects of prerest work loading and duration of 
prerest work on the duration of self-paced rest. 
Self-paced rest showed some tendency to increase 
with prerest work, and at each value of prerest 
work, the heavier of two work loadings yielded 
the longer rest. 
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THE ROLE OF EXTRAMAZE CUES IN PLACE 
AND RESPONSE LEARNING! 


DONALD P. SCHARLOCK 


Roosevelt University 


Some years ago Blodgett and Mc- 
Cutchan (2) noted that one of the 
basic problems involved in experi- 
mental investigations of the spatial 
learning hypothesis was that of de- 
veloping a procedure which clearly 
separates a place disposition from a 
response disposition. Furthermore, it 
was their contention that the pro- 
cedures employed by Tolman, Ritchie, 
and Kalish (8, 9) were not adequate 
for this purpose. In this regard they 
remark that “the relatively slow 
learning shown by the ‘Tolman, 
Ritchie, and Kalish response group 
is attributable to external inhibition 
derived from the fact that spatially 
opposed responses occurred at the 
locus of the choice point” (2, p. 17). 
The experiments to be reported in 
this paper were designed (a) to test 
the hypothesis that the situations 
employed by Tolman, Ritchie, and 
Kalish (8, 9) for comparing the 
relative rates of acquisition of place 
and response learning tended to 
obscure the actual rate of response 
acquisition due to inadequate control 
of the extramaze environment, and 
(b) to examine the role of extramaze 
cues in the performance of place 
and response groups trained by the 
methods described by these investi- 
gators. 


1 This article is excerpted from a dissertation 
submitted to the faculty of the Graduate School 
of Arts and Sciences at the University of Buffalo 
in partial fulfillment of the requirements for the 
Ph.D. degree. The author is greatly indebted 
to Dr. B. Richard Bugelski for his assistance, 
guidance, and encouragement throughout the 
course of this research. 


METHOD 


A pparatus.—The apparatus employed in the 
present study has been described in detail in a 
previous publication (5, p. 32). Essentially it 
consisted of a special muslin “room” constructed 
to bring Ss visual environment under E’s control 
and containing an elevated T maze. The over- 
all length of the goal arm was9 ft. The starting 
arm was 4 ft. long and perpendicularly incident 
to the goal arm at its mid-point. It was de- 
tachable from the goal arm and could be varied 
in position depending upon whether S was 
required to start from the north or south side of 
the room. Food cups were affixed to the ends 
of the goalarm. Extramaze cues were provided 
by two 7}-w. lamps located 6 in. beyond the food 
cups on the longitudinal axis of the goal arm. 
During the training sessions Ss were housed in a 
cage outside of the experimental room. 

Subjects.—Ninety-two albino rats, 40 males 
and 52 females, ranging in age from 90 to 120 
days and having no previous experimental 
history, were selected from the stock of the 
animal laboratory maintained by the Depart- 
ment of Psychology at the University of Buffalo. 


EXPERIMENT [| 


Method.—All Ss were placed on a 24-hr. 
maintenance schedule 48 hr. prior to habituation. 
Three days of habituation on 2 X 4in. pine 
rails set up for that purpose in another room of 
the laboratory were administered. The Ss were 
permitted to run and feed on these rails for ap- 
proximately 15 min. each day. On Day 4, to 
examine for position habit, four trials were given 
to each S on the T maze outside of the experi- 
mental room, with 90° rotation of the maze after 
each trial. During these trials food was to be 
found in both food cups. If S exhibited a prefer- 
ence for right turns, i.e., three out of the four 
trials were right turns, it was required to turn 
left during the experiment proper, if it was in a 
Response Group. Similarly, right turns were 
required of Ss exhibiting left-turn preferences. 
The Ss in the Place Groups either exhibited no 
particular turn preference, i.e., two right turns 
and two left turns in the test for position habit, 
or they were assigned to these groups in such a 
manner that there were as many right turners 
as left turners in a given group. 
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Beginning on Day 5 all Ss were given four 
trials a day by the noncorrection method. 
Seven successive days of training (Days 5-11) 
were given, with the starting positions ABBA on 
the odd days and BAAB on the even days. 
Intramaze cues were varied by rotating the arms 
of the T around the choice point between trials. 
In general, training procedures followed those 
described by Tolman, Ritchie, and Kalish (9), 
with the exception of a longer interval between 
trials, i.e., at least 10 min. for any given S. A 
recent report by Thompson and Thompson (6) 
indicated the desirability of increasing the 
interval between trials since massed practice 
tends to increase reactive inhibitory factors for 
the response group, hence placing its performance 
at a disadvantage. Four main experimental 
groups were employed: (a) /-Lamp Response 
Group (N = 20). These Ss were trained to 
make a particular turn (right or left depending 
on position habit) with the lamp at the west end 
of the T maze always lighted. Hence any S 
in this group always made the same turn re- 
gardless of starting position (north or south). 
On any particular day’s training S would have 
to run twice toward the lighted lamp and twice 
away from the lighted lamp. The Ss in this 
group are confronted with different patterns of 
visual stimulation depending upon their di- 
rection of approach to the choice point. (b) 
2-Lamp Response Group (N = 20): The Ss in 
this group were trained to make a particular 
turn (right or left depending on position habit) 
with the lamps at both ends of the T maze 
lighted simultaneously. Any S always made 
the same turn regardless of starting position and 
always ran toward a lighted lamp. For this 
group the extramaze cues are symmetrically 
placed with respect to the choice point. Theo- 
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retically, these Ss should be unable to discrimi- 
nate one starting position from the other and 
hence could not acquire a “place disposition.” 
They are always confronted with the same 
pattern of visual stimulation regardless of their 
direction of approach to the choice point. (c) 
1-Lamp Place Group (N = 20): The Ss in this 
group were trained to go to a constant location 
in the experimental room, half to the east end 
of the maze and half to the west end, depending 
upon the position of the lighted lamp. These 
Ss were required to go to the lighted “place” 
regardless of the turn involved. (d) 2-Lamp 
Place Group (N = 20): The Ss in this group 
were trained to go to a constant location in the 
experimental room, half to the east end of the 
maze and half to the west end, regardless of the 
turn involved. Both lamps were lighted simul- 
taneously. These Ss were required to learn the 
“place” in a situation where no differential 
directional cues were provided. This group 
served as a control on the homogeneity of the 
extramaze environment and on the possibility 
that a temporal sequence of kinesthetic processes 
could be learned in this situation. 


Results —Table 1 summarizes the 
observations made on the performance 
of the four groups throughout train- 
ing. The means are plotted in Fig. 1. 

An analysis of variance applied to 
the data indicated that (a) the trend 
in the training session means was not 
the same for all cue arrangements 
(F = 5.63; p < .001), and (0) sig- 
nificant variance due to cue arrange- 


ment existed (F = 48.09; p < .001). 


TABLE 1 


Mean Errors Durinc THE SEVEN TRAINING SESSIONS 
(N = 20 each group) 
































Place Groups Response Groups 
Gating i-Lamp 2-Lamp 1-Lamp 2-Lamp 

Mean SD Mean SD Mean SD Mean SD 

l 2.55 1.56 2.20 1.03 2.45 1.20 2.20 1.08 

2 2.65 1.15 2.05 98 1.60 1.68 80 60 

3 1.75 1.26 2.50 1.12 .90 .26 85 27 

4 90 99 1.95 1.20 85 .26 70 90 

5 95 97 1.95 94 60 -—_ 30 55 

6 60 92 2.20 99 25 43 10 54 

7 25 62 1.85 96 05 21 00 00 
Mean 1.38 2.10 | 6 | | 71 
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groups used in Exp. I and for a fifth group used 
in Exp. III. The plot is the mean number of 
errors per training session. 


Subsequently, ¢ tests of the signifi- 
cance of the difference between pairs 
of over-all means were made. The 
error component of the “between-Ss”’ 
variance was used in the computation 
of t, and t was evaluated on the basis 
of 76 df. These tests showed all such 
differences to be significant at better 
than the .05 level. 


Discussion—The relative perform- 
ances of the two Response Groups in 
this experiment can be taken as support 
for the hypothesis that the Tolman, 
Ritchie, and Kalish (8, 9) situations for 
comparing the rates of acquisition of 
place and response learning tended to 
obscure the actual rate of response 
learning. The data suggest that in a 
situation where other extramaze cues 
are controlled, Ss will learn a T-maze 
problem on the basis of kinesthetic cues. 
Furthermore, such learning will occur 
more rapidly than that of a group of Ss 
trained to take two different paths to the 
same goal location even in an environ- 
ment where there are marked extramaze 
cues. Accordingly, the conclusion of 
Tolman, Ritchie, and Kalish to the effect 
that place learning is superior to response 
learning is not beyond denial. 

Ritchie, Aeschliman, and Peirce (4) 
have suggested that neither place nor 
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response dispositions can be acquired in 
a situation where the animal cannot 
discriminate one starting position from 
the other. It might follow then, that 
neither the 2-Lamp Place Group nor the 
2-Lamp Response Group employed in 
this study were really “place” and 
“response” groups in their sense of the 
terms. Asa matter of fact, this assump- 
tion is partially confirmed by the failure 
of the 2-Lamp Place Group to learn the 
problem. However, it is evident that 
the 2-Lamp Response Group learned 
something. Can it then be inferred that 
the categories of “‘place” and “‘response”’ 
disposition are not exhaustive of the 
learning possibilities in the T maze? 
The same authors have criticized the 
Blodgett and McCutchan (1, 2) studies 
which suggested that response learning 
was at least as easy as place learning and 
in some instances even superior. They 
point out that the results obtained by 
Blodgett and McCutchan were related 
to a number of factors: (a) the absence 
of a definitive directional cue, (4) failure 
to allow S to eat on the maze at the food 
location, and (c) the use of the non- 
correction method in training. In the 
present experiment the directional cue 
provided a marked gradient of illu- 
mination throughout the experimental 
room. The fact that the 1-Lamp Place 
Group did learn the problem indicates 
that this cue was sufficient to support 
the behavior in the absence of reliable 
kinesthetic cues. The Ss in this experi- 
ment were permitted to eat on the maze 
at the food location and hence could gain 
“information” regarding the spatial re- 
lationships between this location and 
other aspects of the environment. Fi- 
nally, it is difficult to understand the 
third criticism from the point of view 
that Tolman, Ritchie, and Kalish (8, 9) 
have reported the superiority of place 
learning under both the correction and 
noncorrection methods of training. 


EXPERIMENT II 


An incidental observation made 
during the course of training Ss in 
Exp. I suggested a further line of 
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investigation. It was observed that 
when the distance between the food 
cup and the lighted lamp was in- 
creased, Ss in the 1-Lamp Place Group 
tended to run off the end of the maze. 
The directional cue was apparently 
not serving as a mere “sign” of the 
goal location. Kendler and Gasser 
(3), and Wilcoxon and Waters (10) 
have emphasized the point that place 
learning is but a special case of 
discrimination learning. They sug- 
gest that it involves the learning of a 
response (moving toward) certain 
features of the extramaze environ- 
ment. The observation that Ss tend 
to run or fall off the maze under the 
conditions described tends to support 
their suggestion. It will be recalled 
that Tolman, Ritchie, and Kalish (8) 
have maintained that the directional 
cues in their various experimental 
environments function as “‘signs” and 
not as conditioned stimuli. Accord- 
ingly, the following procedure was 
designed in an effort to obtain data 
which would relate to this hypothesis. 


Method.—The Ss employed in Exp. I were 
also used in this experiment. During their 
training the lighted lamp had always been lo- 
cated 6 in. beyond the food cup. Following the 
last trial of the seventh training session (Day 
11), the lighted lamp was moved to a position 
20 in. beyond the food cup, and each S was given 
a single test trial. 


Results and discussion—On the 
basis of their performance on the test 
trial Ss were assigned to the following 
three categories: (a) those making a 
successful stop at the food cup, (b) 
those falling into the food cup, and 
(c) those running over the food cup 
and falling to the floor. Table 2 
summarizes the observations. 

From these data it may be inferred 
that Ss in the 1-Lamp Place Group 
are, in fact, running to the lighted 
lamp rather than to a specific place 
signified by the lamp. Trairting, in- 
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TABLE 2 


CaTecoricaL DistriBuTION OF PERFORMANCES 
or Ss on A Test TRIAL FoLitowinc A 
SHIFT IN THE PosITION OF THE 
Directiona, Cue 








Place Response 
Groups Groups 





Category 


1- 2- 1- 2- 
Lamp | Lamp | Lamp | Lamp 





Successful stop 2 20 19 4 
Falling into . 

cup + 0 1 8 
Falling to floor 14 0 0 8 

















volving differential reinforcement at 
opposite ends of the goal arm, seems 
to have established the discrimination 
of the lighted end from the darker end. 
The performance of the place S 
depends primarily on the lamp, the 
turn being suited to its position. The 
2-Lamp Place Group failed to show 
any improvement in performance 
with increasing amounts of training. 
This group could not have developed 
a place disposition since its environ- 
ment was devoid of discriminable 
extramaze cues. It was also im- 
possible for this group to have learned 
a discrimination. The 1l-Lamp Re- 
sponse Group continued to perform 
as usual on the test trial since its 
training was such as to facilitate the 
learning of a discrimination based on 
kinesthetic cues. The Ss in this 
Group found food sometimes at the 
lighted end of the maze, sometimes 
at the darker end. Hence a discrimi- 
nation based on a constant relation- 
ship between the lighted lamp and the 
food could not be learned. The 2- 
Lamp Response Group exhibited a 
strong tendency to run off the end of 
the maze. However, inspection of 
Table 2 suggests that such tendencies 
are not as strong in this group as they 
were in the 1l-Lamp Place Group. 
The 2-Lamp Response Group learns 
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the problem primarily on the basis of 
kinesthetic cues, but its performance 
is also supported by a consistent re- 
lationship between the food location 
and the lighted lamp. 


EXPERIMENT III 


The data discussed above support 
an interpretation of the performance 
of the four experimental groups based 
on discrimination learning. ,In ad- 
dition, these findings suggest that a 
1-Lamp Response Group, trained in 
the usual fashion but always running 
toward a lighted lamp (or away from 
it), should exhibit the most rapid 
learning. The performance of such 
a group would be supported by both 
kinesthetic and visual cues. 

Results and discussion.—Table 3 
summarizes the performance of this 
group. These data are also plotted 
in Fig. 1. No significant difference 
exists between this group and the 2- 
Lamp Response Group. It may be 
that the additional facilitation of per- 
formance brought about by the addi- 
tion of the light cue is not very great, 
especially when errors are taken as 
the measure of performance. 

As was the case with the four main 
experimental groups, following the 
last trial on the seventh training 
session all Ss in this group were given 
a test trial with the lamp 20 in. from 
the food cup. On this test trial 8 Ss 
fell to the floor, 1 fell into the food 
cup, 2 made successful stops, and 1 


TABLE 3 


Mean Errors Mabe By THE KINESTHETIC 
Pius Licut—Cuve Group puRING 
Seven Trarninc Sessions 








Training 
Session 1 2 3 4 5 6 7 





Mean | 2. 
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78 | 58 | .30 | .17 | .08 | .00 
SD d ‘ 00 


37 | .26 
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fell off the maze in short-cutting from 
the starting arm to the goal arm en 
route to the lamp. These results 
provide additional support for the 
hypothesis that the light cue func- 
tions as a conditioned stimulus. Al- 
though the addition of an extramaze 
cue to the situation in which S can 
utilize proprioceptive stimuli may not 
significantly decrease the number of 
errors, it clearly controls S’s “stop- 
ping” behavior. 

Ritchie, Aeschliman, and Peirce (4) 
have maintained that although the 
learning of a simple T-maze problem 
is based, in the early stages, upon the 
acquisition of place disposition, con- 
tinued practice produces a kinesthetic 
habit. The data presented here sug- 
gest that even with considerable 
practice extramaze cues still play an 
important role. 


SUMMARY 


Five groups of 20 rats were given four non- 
correction trials for seven successive nights on a 
T maze. The extramaze environment was con- 
trolled. Five different situations involving 
various combinations of kinesthetic and visual 
extramaze cues were employed. It was found 
that in these situations: (a) response learning 
was superior to place learning, (b) the perform- 
ance of a response group trained in an environ- 
ment devoid of confusing extramaze cues tended 
to be superior to that of a response group trained 
in a situation where such cues were present, (c) 
the situation originally designed by Tolman, 
Ritchie, and Kalish to separate place and re- 
sponse learning tends to obscure the rate of 
acquisition of kinesthetic habits, and (d) place 
performance and response performance are both 
based on learned discriminations, the cues sup- 
porting the former being primarily visual and 
those supporting the latter primarily proprio- 
ceptive. The relationship of these findings to 
those reported by other investigators is con- 
sidered. 
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THE FACILITATING EFFECT OF WORDS ON 
DISCRIMINATION AND GENERALIZATION ! 


DORIS DIETZE 


University of Washington 


From an S-R point of view the 
formation of concepts involves two 
related processes—discrimination and 
generalization. When a person learns 
to respond selectively to: similar 
stimulus situations, he is said to 
evidence discrimination; and when he 
learns to respond in the same way to 
different situations which serve equiv- 
alent functions, he is said to evidence 
generalization. (Generalization used 
in this sense refers to learned or 
“secondary generalization,” as dis- 
tinct from primary generalization, 
which occurs when stimuli evoke 
similar responses without previous 
learning.) The facilitating effect of 
language in the establishment of these 
two processes may be formulated 
theoretically as follows: Stimuli pro- 
duced by responding with highly 
distinctive names to different situ- 
ations should tend to increase the 
difference between stimulus patterns, 
lessening primary generalization of 
responses from one of these situations 
to another. Increased differentiation 
based upon this process has been 
called “acquired distinctiveness of 
cues” (4). Stimuli produced by re- 
sponding to different situations with 
the same verbal response should be- 
come a common element of the stimu- 
lus patterns, mediating increased 
amounts of generalization from one 
situation to another. This has been 


1 Adapted from a thesis presented in partial 
fulfillment of the requirements for the M.S. 
Degree, Psychology Department, University of 
Washington, 1953. The writer is greatly in- 
debted to Dr. Allan Katcher for his capable 
guidance. 


255 


called “acquired equivalence of cues” 
or “‘secondary generalization” (4). 

These theoretical statements imply 
that correct attachment of distinctive 
names should be easier to learn than 
correct attachment of very similar 
sounding names, since there would be 
less primary generalization during the 
learning process. With fewer in- 
trusions based on primary gener- 
alization, secondary generalization 
should proceed more rapidly. 

In the usual experimental concept 
formation situation the two processes, 
discrimination and_ generalization, 
probably occur conjointly. However, 
many studies of concept formation 
(9, 10), by quantifying results in 
terms of the number of trials or the 
number of errors before achieving a 
final criterion, necessarily confound 
the two. Sometimes they are then 
inferred separately from introspective 
or spontaneous comments by the Ss. 
Some descriptions of human Ss’ con- 
cept attainment give the impression 
that human learning differs in its basic 
processes from animal learning, by 
use of vague or poorly defined terms 
like “active search,” “thing-like as- 
pects,” or “composite photograph” 
(9, 10). 

Investigations of the attainment of 
concepts have been conducted largely 
at the adult level. However, in 
adults established problem-solving 
habits are applied to new learning 
situations, and what is observed may 
reflect not so much the acquisition of 
new concepts as transfer from previous 
experiences. When Ss are young 
children, for whom language is a 
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relatively new tool, the situation is 
likely to reveal more about the learn- 
ing processes. Too often studies of 
concept development in children have 
been more concerned with their abil- 
ity to conceptualize or with their 
repertory of concepts than with 
psychological processes. In several 
of these studies, however, superior 
performance was correlated with ade- 
quate verbalization during the ac- 
quisition process (2, 3, 5, 6, 7, 9). 
Additional evidence for the signifi- 
cance of language in discrimination 
was presented by Pyles (8), who found 
that children demonstrated superior 
performance in the discrimination of 
named, rather than of unnamed, 
nonsense figures. 

For the present study a simple 
concept formation arrangement was 
designed to examine the part played 
by words in discrimination and gener- 
alization. Of particular interest was 
the effect of differences in the dis- 
tinctiveness of names on three stages 
of learning to name objects: (a) 
initial discrimination, (b) subsequent 
discrimination of related objects, and 
(c) secondary generalization to related 
objects. 


METHOD 


Subjects —The Ss were 48 preschool children, 
ranging in age from 54 to 67 months (mean age: 
60.6 months). The mean age difference between 
older and younger groups was 201 days; between 
boys and girls, 18 days; and between similar and 
different names groups, six days. These 
children were obtained on a volunteer basis from 
six day nurseries in Seattle, Washington. 

Materials.—Sixty nonsense figures, consisting 
of a circular core with numbers of projecting tips, 
were cut from masonite. The over-all size of 
these forms varied with the number of pro- 
jections, but the core was a standard 1} in. in 
diameter, while the projections were } in. wide 
and 1} in. long. The figures were varied in four 
ways: (a) the numbers of projections ranged from 
1 to 16, (b) the spatial arrangement or grouping 
of projections varied, (c) the tips of projections 
on each figure were all either rounded, pointed, 
or squared, and (d) the figures were painted 
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three slightly different shades of red. Twenty 
sets of forms were prepared, each set consisting 
of three forms alike in number and spatial 
arrangement of projections, but differing in shape 
of tips and shade of red. The sets were arranged 
in series, with each set differing from previous 
sets in number and arrangement of projections, 
but containing one form with each shape of tips 
and shade of red. All forms with a particular 
shape of tips and shade of red were given the 
same name, regardless of number and spatial 
arrangement of projections; all forms alike in 
number and arrangement of tips had different 
names. Thus shade of red and shape of tips 
were cues upon which discrimination and 
secondary generalization were based. To pre- 
vent direct comparison of the common details, 
each set was kept in a separate numbered 
envelope at all times except when used. 

Tiny trinkets of the type dispensed in 
chewing-gum vending machines were used to 
keep motivation at a high level. 

Experimental design—A 2 X 2 X 2 analysis 
of variance design was used. For half the Ss, 
figures were called jod, daf, and meep, nonsense 
names chosen to have different initial and final 
consonants and different vowel sounds. For the 
other half the figures were called beem, meem, and 
peem, nonsense names chosen to be alike except 
for the aspiration of the initial consonants, which 
require practically the same lip formation to 
pronounce. Otherwise the two groups received 
identical treatment. ‘Two control variables, age 
and sex, completed the balanced design. These 
were included because older children are verbally 
more experienced than younger and might be 
expected to show more skill in the type of task 
required by the experiment; and because several 
studies (9) have indicated that, in the age range 
considered here, girls show superior verbal ability 
compared to boys. 

Procedure.—The Ss were chosen alternately 
for each condition from prepared lists upon which 
they had been assigned randomly to one or the 
other experimental condition. The selection 
was done in such a way that an equal number of 
boys and girls and older and younger children 
were tested at approximately the same time of 
day and during each third of the period of weeks 
during which testing was conducted. This 
precaution was taken to ensure balance among 
the groups of any effects dependent on regular 
nursery school schedule, fatigue, familiarity with 
E, changes in E’s attitude, etc. Since Ss were 
tested from one day school at a time, this balance 
throughout the weeks of testing was also de- 
sirable to randomize effects of differences in 
intelligence, training or experience, and socio- 
economic status that might exist from one school 
to another. 
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Testing was done with each S alone in a room 
separated from the regular playroom. The E 
demonstrated the first set of forms, saying, 
“These are the things we play with.” The £ 
pointed to each form, pronouncing its assigned 
name and asking S to repeat the names. The S 
was then asked to say the names alone. Care 
was taken to ensure that he could pronounce 
ond remember all three names without aid from 
E, since, in order to use the names as an aid in 
discriminating the forms, he had to be able to 
discriminate the pronunciation of the names. 
When S had mastered the pronunciations, E 
rearranged the forms and said, “As soon as you 
can name these three blocks without my helping 
you, I will put one of these little toys (showing 
the trinkets) into this jar. Now, I have some 
more of these (indicating and naming the 
figures), and when you can name the first set 
we will go on and name the second set. Each 
time you can name them without my helping 
you, you can choose a toy, and at the end of the 
game, when you can tell me all the names 
without me ever telling you, I will take all the 
toys out of the jar and make you a bracelet. 
Do you understand how to play?” The usual 
response was an enthusiastic attempt to name 
the figures. The £ then arranged the figures 
on the table and asked S to identify each form 
successively. Whenever S misnamed one, E 
renamed all three, rearranged them on the table, 
and again asked S to identify the figures, each 
time in a different succession. The form of the 
question was varied to maintain interest by such 
devices as, “Which one is nearest you?,” “Put 
your thumb on the middle one—which one are 


you touching?” Questions in which E pro- 
nounced the name before S, like “Which one is 
daf?,” “Put jod in your lap,” were alternated 
with those requiring S to say the name first; but 
in every case S pronounced the name while 
indicating the appropriate figure. Effort was 
made to structure the situation so that each S 
had equal opportunity to verbalize during 
learning. Work with Set I continued until S 
correctly indicated all three forms without 
prompting on three successive trials. At this 
time he chose a trinket, Set I was put away, and 
Set II was placed before him. The E asked for 
the names as before, and the “game”’ continued. 
When S correctly anticipated the names on 
three consecutive sets, the final learning criterion 
was reached. This was accomplished in one 
session averaging about one-half hour. Interest 
and motivation appeared very high throughout. 

Measures.—Records were kept of the number 
of prompts necessary to learn to criterion each 
set of three similar but not identical forms. 
Also recorded was the number of sets (different 
from the first but related to it by common 
physical details associated with the same three 
names) which were required to complete the task. 
A prompt consisted of renaming all three forms 
each time an error was made on a single response. 
One correct trial included three consecutive 
correct responses, one to each form. The 
criterion of discrimination learning of a particular 
set, three consecutive correct trials, consisted of 
nine consecutive successful responses. The 
largest number of prompts given on a particular 
set was 27 for the slowest S. The criterion of 
secondary generalization, correctly naming three 


TABLE 1 


Means anv SD’s or Eacu Suscroup in THE ANALYSES OF VARIANCE 
(Each figure based on 6 cases) 








Similar Names 


Different Names 





Measure Boys Girls 





Older |Younger| Older | Younger 


Boys Girls 
Total Total 


Older |Younger| Older | Younger 








Set I M | 2.86 | 3.08 | 2.96 | 2.05 
SD 39 | 1.15 -96 52 


2.74 | 2.81 | 2.28 | 2.17 | 1.82 | 2.27 
91 88 35 54 41 , 





Prompts M 1.59 | 1.90 | 1.93 | 1.75 
perset SD] .23 43 52 44 


1.79 | 1.71 | 1.48 | 1.20 | 1.34 | 1.43 
44 32 42 .23 36 39 





Number M 2.50 | 2.50 | 3.04 | 2.77 
of sets SD 64 62 63 38 


2.71 | 1.89 | 1.44 | 158 | 1.86 | 1.69 
62 66 52 41 60 59 





Total M 3.60 | 4.02 | 5.17 | 4.21 
prompts SD | 1.53 70 | 1.33 | 1.45 














4.25 | 2.42 | 1.94 | 1.68 | 2.28 | 2.08 
1.42*| .56 87 43 90 .78* 























* Variances significantly different at the .01 level. 
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sets three times each, involved 30 consecutive 
correct responses. The largest total number of 
prompts given was 73. Thus, the criteria of 
discrimination and generalization were suf- 
ficiently high to eliminate practically all pos- 
sibility of chance success (1). 

Four measures were considered in the analysis 
of the data: (a) number of prompts given during 
Set I was the measure of initial discrimination; 
(b) number of prompts per set, excluding Set I, 
was the measure of discrimination on sets after 
the initial discrimination; (c) number of sets 
completed after Set I and before reaching the 
criterion was the measure of secondary gen- 
eralization; (d) total number of prompts was 
used as a general measure of efficiency of concept 
formation, involving both discrimination and 
generalization. 

Because the ranges of scores were limited at 
the lower end, the distributions were highly 
skewed. To normalize them a square-root 
transformation was made, which produced the 
desired effect, with one exception on total 
prompts (see Table 1). 

Four analyses of variance were performed, 
using data of each of the four measures of 
learning. 


RESULTS 


Table 1 shows the means and SD’s 
of the eight subgroups on each of the 
four measures. 

The largest difference between the 
similar-and different-names groups 
was on total prompts, the score which 
incorporated the other three measures. 
This F ratio was 43.05. (The magni- 
tude of this ratio, however, may be 
questioned, since the variance of the 
similar-names group was significantly 
larger than that of the different-names 
group.) For prompts per set, the 
measure of subsequent discrimination, 
F was 8.89, and for number of sets, 
the measure of secondary general- 
ization, F was 31.98. All three of 
these values exceed 7.31, the value of 
F required with 1 and 40 df for the 
01 confidence point. The _ initial 
discrimination, Set I, yielded an F 
of 4.33, which is larger than the 4.08 
required for the .05 confidence point. 
In each case the different-names group 
had the smaller mean. 
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Intercorrelations between measures, 
except for total prompts, were low: 
— .10 to .42. (For 22 df r’s higher 
than + .40 are different from zero at 
the .05 level). The correlation be- 
tween prompts per set and number of 
sets was — .10 for the similar-names 
group and .31 for the different-names 
group. 

On Set I prompts there was a differ- 
ence between boys and girls significant 
above the .05 point (F = 5.15) show- 
ing superior performance by girls. 
With this exception, the F ratios for 
the control variables and the inter- 
actions were not significant. 


Discussion 
Kind of Names 


Discrimination.—Results of the analy- 
ses of variance show clearly that the 
children learned to name similar ap- 
pearing, nonconventional forms more 
easily when distinctive names were used 
than when similar names were used. 
Furthermore, they learned to apply these 
names to new forms more readily when 
the names were distinctive. Interpre- 
tation of these results, assuming the 
same principles that underlie simpler 
conditioning and discrimination prob- 
lems, suggests two related phenomena— 
stimulus generalization and _ response 
generalization. 

Before beginning the discrimination 
task, all Ss were familiarized with the 
nonsense names to be used to the point 
where they could recite all three without 
prompting. (The six words used in the 
study were considered equivalent in that 
each had a constant consonant-vowel- 
consonant construction. Although the 
different-names group actually had a 
larger number of sound combinations to 
learn, this initial phase was so brief for 
both groups that any differences in 
learning difficulty were assumed to be 
inconsequential.) In the discrimination 
situation the child was actually con- 
fronted with two different types of 
tasks: after receiving three similar ap- 
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pearing forms he had to (a) choose the 
correct form upon hearing each of the 
names, and, (4) say the correct one of 
the names as E pointed.to each form. 

In the first type of task both groups 
were required to make the same overt 
responses, such as pointing or putting 
the form in the lap. Only if these re- 
sponses were made to stimulus configu- 
rations which included more differenti- 
ating cues would the different-names 
group be expected to appropriately per- 
form more readily. Since the same 
figures were used for each group, these 
differentiating cues must have existed 
in the names used. 

In the second type of task, when E 
pointed to a specific form, S had three 
responses available. If he said the cor- 
rect name, the combination of the visual 
stimulus of the form and the auditory 
and proprioceptive stimuli arising from 
pronouncing its name would be rein- 
forced. Nonreinforcement of incorrect 
responses would tend to cause combi- 
nations of this visual form and response- 
produced cues from other names to lose 
relative strength. In the early stages of 
learning errors were frequent. In the 
different-names group, where available 
responses were (relatively) dissimilar, 
response generalization would be less 
likely than primary stimulus generali- 
zation among similar visual forms. In 
the similar-names group, however, both 
visual stimuli and available responses 
were similar; hence errors may be ac- 
counted for by response generalization. 
But in what sense are these responses 
similar? Similar stimuli, auditory and 
proprioceptive, are produced and re- 
ceived by pronouncing them. Thus 
again primary stimulus generalization 
can account for the less adequate per- 
formance of the similar-names group. 
In brief, stimuli produced by responding 
with the correct name became part of the 
visual-proprioceptive stimulus configu- 
ration, decreasing primary generalization 
among the stimulus patterns. This 
effect was more rapid when differenti- 
ating cues supplied by the names were 
distinctive. 

In the very early stages of learning, 


conflicting responses (like “jaf” or 
“‘mod”’) somewhere between two of the 
prelearned responses, occasionally oc- 
curred in the different-names group. In 
the similar-names group, where such 
exchange of initial consonants would 
merely produce another of the available 
names, an occasional substitute, such 
as “leem” or “‘keem” was produced. 
This type of response may have ap- 
peared as evidence of close balance 
between the strength of available re- 
sponses, and it may have appeared as 
response generalization. 

Secondary generalization.—A theoreti- 
cal account of the results of the secondary 
generalization task poses quite a problem 
in the present framework. With fewer 
intrusions based upon primary generali- 
zation, secondary generalization should 
proceed more rapidly. However, nothing 
in the present data indicates that such 
intrusions were more frequent in the 
similar-names group. In fact, the ab- 
sence of significant correlation between 
prompts per set and number of sets may 
be interpreted as evidence that perform- 
ance in the secondary generalization task 
was not associated with discrimination. 
Additional research may provide an 
answer to this provocative situation. 


Control Variables 


Since previous studies have indicated 
age differences in verbal learning speed, 
age was included in the present design 
as a control variable. It is not sur- 
prising, however, that no significant 
differences attributable to age appeared. 
First, there was less than a year’s differ- 
ence between the older and younger 
groups. Second, when children are be- 
ginning to acquire language skills, de- 
velopment is so rapid that small age 
differences may be expected to produce 
large differences in relative verbal skill. 
However, Ss of this experiment were past 
the age period where verbal development 
is relatively most rapid. 

The one significant sex difference, on 
Set I (initial discrimination), conforms 
to the results of previous investigations 
which show that girls in this age range 
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have a slight edge over boys in verbal 
learning. That this superiority was not 
maintained over the other measures sug- 
gests that girls may be superior in the 
initial rote-learning stage of acquisition, 
but that there is very little difference in 
generalizing ability once the names are 
learned. 


SUMMARY 


It was hypothesized that complex discrimi- 
nations between similar appearing forms are 
easier if names applied to forms are distinctive 
than if names are very similar. The study used 
48 four- and five-year-old children as Ss in 
learning a simple concept formation task. For 
the same objects one group learned similar 
sounding names and the other group learned 
different sounding names. Four measures of 
learning were employed to reveal initial dis- 
crimination, subsequent discrimination of re- 
lated objects, secondary generalization to related 
objects, and general efficiency of concept 
formation. 

Statistical results indicate that on each 
measure the different-names group learned 
faster than the similar-names group. For dis- 
crimination tasks these results were ascribed to 
primary stimulus generalization. 
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LEARNING AS A FUNCTION OF CONTEXTS 
DIFFERENTIATED THROUGH 
ANTECEDENT VALUE 
EXPERIENCE! 


EUGENE GLOYE? 


University of Nebraska 


This study represents an attempt to 
clarify some issues associated with the 
problem of the influence of affective 
value on learning. In previous studies 
the affective character of learned 
materials (usually words) has gener- 
ally been determined through judg- 
ments of “pleasant” (P), “unpleas- 
ant” (U), or “indifferent” (I) on the 
part of Ss or by E himself (2). In 
recognition of the questionable re- 
liability and validity of such pro- 
cedures, the present study formulates 
a definition of “‘affective value” 
through operations which provide 
rewarding and mildly punishing as- 
sociations for certain stimuli under 
controlled conditions. The “building- 
in” of values in this manner rests on 
the reasonable assumption that affec- 
tive characteristics of stimuli arise 
through their associations with dif- 
ferentially reinforcing experiences. It 
must be made clear, however, that the 
introduction of value differentiating 
experiences in the experimental situ- 
ation does not in itself allow the 
labeling of various stimuli P, U, or I, 
since these qualities seem to have no 
status except as judgments (3). It is 
simply assumed that neutral stimuli 
associated with positive value ex- 
periences (reward) will come to have 

1 This article reports one phase of a disser- 
tation submitted to the Graduate College of the 
University of Nebraska in partial fulfillment of 
the requirements for the Ph.D. degree. The 
author wishes to express his gratitude to 
Katherine E. Baker for her aid and advice with 
respect to this project. 

? Now at the College of Wooster. 


different affective values from neutral 
stimuli associated with negative value 
experience (punishment). 

The experimental procedure is di- 
rected at developing evidence with 
regard to the general hypothesis that 
learning of neutral materials is in- 
fluenced by the values of the contexts 
in which such materials appear during 
learning, even though the contexts are 
not essential to the learning task. 
More specifically, it was predicted 
that, on the average, the learning of 
three-digit numbers appearing in con- 
text figures which had neutral value 
associations would be different from 
the learning of three-digit numbers 
appearing in context figures which had 
positive or negative value associations 
although the context figures were not 
part of the required response term in 
the learning procedure. 


MeETHOD 


Subjects.—Forty-eight Ss were employed in 
the study: 24 men and 24 women. All were 
volunteers drawn from introductory psychology 
classes at the University of Nebraska. 

Value development situation Various geo- 
metric outline figures were differentially rein- 
forced through their use in a card game in which 
all Ss participated. A set of cards consisted of 
10 such figures printed on playing-card stock 
with the following values equally often assigned : 
+5,+1,0,-—1,—5. Different value-figure 
relationships were introduced through the use 
of two sets of cards. In addition, all positive 
figures appeared in green, all negative figures 
appeared in red, while neutral figures appeared 
in black. 

The card game was such that S was given the 
opportunity to trade cards with E in order to 
get the highest possible positive score. The 
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value designations for the geometric figures were 
contained on a poster which was before S at all 
times. It was indicated that the game could be 
played most efficiently if the figure values were 
memorized. 

The area of investigation was posed to Ss as 
concerning “guessing ability” or “intuition.” 
If S’s guesses resulted in his obtaining a positive 
score (group of cards with a positive total), he 
was paid the amount of his score in pennies. If, 
however, he finished a trial with a negative 
score, he was required to pay E the amount in 
pennies. Each S participated in 20 trials of the 
game and Ss were allowed to keep their winnings 
after refunding the 25 pennies they were given 
at the start. 

Besides monetary gain, another incentive was 
used in attempt to strengthen the value differ- 
entiation of the figures. Through a pseudo- 
explanation of a previous study Ss were led to 
believe that members of the opposite sex had 
done better in the game than members of their 
own sex. 

Learning situation —The Ss were required to 
learn three-digit numbers printed inside the 
previously used geometrical outline figures, the 
figures now representing “value contexts.” A 
paired-associate method was employed with 
nonsense syllables as stimuli and numbers as 
responses. No overt response was demanded 
for the context figures themselv.., though they 
appeared with the numbers at all times. Thus 
the figures were in no way essential to the 
learning task. It was assumed that the numbers 
learned were neutral because of their random 


selection. The digits 5, 1, and 0 were omitted 
from the numbers, however, since they had 
previously been associated with the figures in 
the card game. 

It was possible to maintain color-figure re- 
lationships consistent with those a particular S 
had seen in the card game and at the same time 
control for associations between particular 
numbers and particular figures by employing 
four sets of stimulus cards. The several sets 
allowed the figure-number relationships to be 
counterbalanced. A schematic description of 
the essential features of the four different sets of 
cards will be found in Table 1. , 

The nonsense syllables were printed on still 
another set of 10 cards. The syllables were 
selected from a list with zero association value 
given by Hilgard (1). The random initial 
pairing of syllables and figure-number cards was 
obtained by simply shuffling the syllable cards 
for each new S. Thus the effect of incidental 
associations between numbers and syllables was 
counterbalanced. 

An exposure apparatus was employed which 
allowed the pairs of cards to be presented in a 
different random order with each new trial so 
that serial-position effects could be controlled. 
The apparatus operated in such a way that the 
syllable associate for each figure-number card 
was exposed for 2 sec. Following this there was 
a 2-sec. exposure of both the syllable card and 
the figure-number card. Between each pre- 
sentation there was a pause of 2 sec. while the 
cards were changed manually and there was a 
1-min. period between each trial. 


TABLE 1 


Features oF Sets or Carps Usep To Present NumBERS WITHIN CONTEXTS OF 
Various Vautues, Cotors, AnD Forms Durinc LEARNING 









































Sets of Cards 
Value Color Al and All BI and BII 
a mm 
igure igure ? i 
Type of Numbers* Seee at Numbers* 
Lines in Lines in - 
Figure I I Figure I Il 
5 green straight 479 694 curved 479 694 
5 green straight 836 827 curved 836 827 
l green straight 467 648 curved 467 648 
] green straight 328 926 curved 328 926 
0 black comb. 396 274 comb. 396 | 274 
0 black comb. 274 396 comb. 274 396 
1 red curved 926 328 straight 926 328 
1 red curved 648 467 | straight 648 467 
5 red curved 827 836 =| straight 827 | 836 
5 red | curved | 694 479 | straight 694 479 








* The numbers are the items learned, They appeared inside the figures. 
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After a sample trial, S was instructed to 
attempt to anticipate the number which would 
appear upon seeing its syllable associate. Trials 
were continued until each number had been 
correctly anticipated on two successive occasions. 
When a particular number was learned to this 
criterion, it was removed from the group. Thus 
as trials continued, there were fewer and fewer 
cards presented on each trial. 


RESULTS 


A graphic presentation of the mean 
number of trials required by Ss to 
learn the numbers as a function of the 
values of the context figures in whith 
they appeared during learning will be 
found in Fig. 1. It may be seen that 
numbers appearing in neutral context 
figures (designated as “O’’) were 
learned most quickly, on the average. 
Further, an increase in value in- 
tensity, without regard for direction 
(plus or minus) brings about de- 
creasingly efficient learning. 

The number of trials required to 
learn the numbers in each of the value 
categories was subjected to analysis 
of variance. Three factors were con- 
sidered: (a) differences between value 
categories with regard to learning 
efficiency, (b) differences between Ss 
with regard to effects of value con- 
texts on learning efficiency, and (c) 
interaction among these variables. 
Consequently, a 5 (context values) by 
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Fic. 1. The mean number of trials required 
by Ss to learn neutral items (i.e., numbers) as a 
function of the value of the context figures in 
which they appear during learning. 


48 (Ss) classification was employed, 
with two scores in each cell (one for 
each of the two representations of 
each of the five value categories). 

Interaction yields an F of 1.30 
which is significant at the .05 level 
of confidence; consequently, inter- 
action was employed as an error term 
to determine F’s for rows and 
columns. The F for context values 
is 11.20, a figure highly significant 
(1% level is 3.41, with 4 and 200 df). 
The F for Ss is slightly below the .05 
level of confidence (1.37, with 50 and 
200 df). Thus the effect of context 
value upon learning is demonstrated 
to be a statistically significant rela- 
tionship, while there is also a sugges- 
tion that Ss may react differently to 
the experimental variable of context 
value. 


Discussion 


The results support the hypothesis 
that value contexts surrounding learning 
materials will influence learning of such 
materials. Observed differential effi- 
ciency with which neutral materials were 
learned is clearly dependent upon geo- 
metrical context figures appearing with 
neutral materials since other possible 
determinants of differential efficiency 
were carefully controlled. 

Within the experimental conditions of 
the present study it is clear that valued 
contexts, in contrast to neutral contexts, 
interfered with learning in the sense that 
it lowered learning efficiency. The qual- 
ity of the values (positive and negative) 
was irrelevant to their influence, while 
the intensity of the values did bear a 
systematic relationship to learning effi- 
ciency; the higher values apparently 
produced more powerful value influence. 

As a consequence of the results re- 
ported here, affective values may be 
interpreted to be distracting elements 
over and above the possible distraction 
provided by the presence of the geo- 
metrical figures themselves. While 
learning performance here is clearly 
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related to the amount of value given 
each of the context figures and the inter- 
fering properties of the figures seem to 
mount with increasing value, it is ad- 
visable, nevertheless, to maintain some 
reservation in concluding that the higher 
the value, the more the learning will be 
inhibited. Only a small range of values 
was sampled here and it is possible that 
more intense values or values based upon 
ego-involving conditions might produce 
effects different from those observed. 
Two other types of relationships might 
be anticipated: (a) various studies sug- 
gest that value acts as an emphasizing 
factor, and (4) other results suggest that 
one might expect positive values to 
enhance learning while negative values 
inhibit it in accordance with the need- 
reduction principle. Neither the em- 
phasis idea nor the need-reduction prin- 
ciple can account for the results presented 
here, in any case. 


SUMMARY 


An experiment was conducted to develop 
evidence related to the hypothesis that learning 
of neutral materials appearing in value contexts 
is different from learning of materials appearing 
in neutral contexts. Values were “built in” for 


geometrical outline figures through association 
of rewarding and mildly punishing experiences, 
and neutral items presented within these context 
figures were learned by the subjects. Factors 
such as initial values of the figdres, serial position 
effects, association values of numbers used as 
neutral items, etc., were counterbalanced so that 
performance variations could be related to the 
value differentiation of the context figures. 

Results support: the hypothesis that value 
differences influenced learning. Items appearing 
in neutral contexts were learned more quickly, 
on the average, than items appearing in value 
contexts, irrespective of the quality of their 
values (positive or negative). Evidence sup- 
ports the principle of value interference rather 
than either the need-reduction principle or the 
emphasis principle. 
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THE EFFECT OF CHANGE IN DRIVE LEVEL ON 
HABIT REVERSAL! 


ALEXANDER M. BUCHWALD AND HARRY G. YAMAGUCHI 


Indiana University 


A series of recently published 
studies has been concerned with dif- 
ferences in rate of learning between 
groups of Ss selected on the basis of 
scores on the Taylor Scale of Manifest 
Anxiety (7). Studies involving the 
conditioned eye blink (4, 5, 6) have 
found high-anxious Ss outperforming 
low-anxious Ss, but in studies in- 
volving tasks such as learning a verbal 
maze (8) or a stylus maze (1) low- 
anxious Ss have tended to reach 
learning criteria prior to high-anxious 
Ss. 

These results have been said (1, 3, 
8) to be predictable from Hull’s 
theory on the assumption that scores 
on the anxiety scale are indicative of 
S’s drive level. It is stated that the 
effects of increases in drive level will 
depend on the relative habit strengths 
of the various competing responses. 

“If the habit strength of the correct 
response should be relatively weak, 
an increase in drive strength should 
further increase the strength of the 
incorrect tendencies relative to the 
correct tendency, resulting in im- 
paired performance” (1, p. 120). 

To the best of our knowledge this 
proposition has been tested only in 
experiments in which Ss have been 
selected on the basis of their Taylor 
scale scores. It has not been tested 
in experiments where drive has been 
established by a deprivation pro- 
cedure. In the present experiment 
drive levels based upon water depri- 


1The writers thank their colleagues, J. A. 
Dinsmoor and I. J. Saltzman, for their sug- 
gestions and criticisms of an earlier draft of this 
paper. 
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vation were used to test the hypothe- 
sis that increasing S’s drive level will 
lead to impaired performance when 
the reinforced response is not initially 
the strongest in a hierarchy of re- 
sponses. 


MeETHOD 


Subjects.—The Ss were 36 experimentally 
naive female hooded rats bred in the Indiana 
University laboratory. They were 90 to 135 
days old at the beginning of the experiment. 

Apparatus—The apparatus consisted of a 
single unit T maze with a stem 184 in. long and 
arms 18 in. long. All alleys were 3} in. wide and 
4 in. high and consisted of wooden walls, hard- 
ware-cloth flooring, and a hinged cover of 
Plexiglas. The maze rested on legs which sup- 
ported it 2 in. above a table top. With the 
exception of the floor and the cover, it was 
painted flat black throughout. The starting 
box was 9 in. long and the goal boxes 9 tin. long. 
Each goal box had a }-in. hole in the wall nearest 
the starting box, 2} in. above the floor and 24 in. 
from the end of each compartment. A piece 
of glass tube connected by a section of rubber 
tube to a water bottle mounted on the outside 
of the end of the goal box was inserted in this 
hole with the tip of the glass tube projecting 
4 in. into a goal box. Each goal box had such 
a water unit. One and one-half inches toward 
the choice point from each water-tube hole, a 
baffle, 4 in. high and 14 in. wide, was affixed to 
the wall nearest the starting box with the width 
of the baffle at right angles to the wall. No 
part of the water units was visible from the stem 
or choice point. There were four doors in the 
maze: a guillotine door for the starting box, 
another door of the same type in the stem at the 
choice point, and two swinging doors with a 
vertical sweep, one for each goal box. 

Procedure.—The Ss were randomly assigned 
to four groups: high-high, high-low, low-low, and 
low-high, “low” and “high” referring to low 
drive level and high drive level, respectively. 
The high drive condition was effected by de- 
priving Ss of water for 204 hr., the low condition 
by depriving Ss of water for 1}hr. The Ss were 
habituated and run in squads of four Ss, one S 
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from each group. A new squad was started 
every five days. The Ss in each squad were run 
at the same time of the day but were given their 
daily home-cage watering at different times of 
theday. Food was always available in the home 
cages but water was available for only 14 hours 
perday. Whenever possible, two Ss on identical 
watering schedules were housed in a single cage, 
but when this was not possible, Ss were housed 
singly. 

Preliminary habituation consisted of several 
overlapping phases. The first phase consisted 
of 10 daily 10-min. periods of handling. On 
Day 4 of handling, habituation to the mainte- 
nance schedule was begun and continued for 10 
days. On the last three days of maintenance 
habituation, Ss were also habituated to the 
apparatus. 

Apparatus habituation was done in six 5-min. 
periods, two periods per day, approximately 4 
hr. apart. It consisted of two main phases: 
goal-box habituation and stem habituation. 
First, Ss were placed in the goal-box runway 
with the choice-point door closed and were given 
water reinforcement for running from one goal 
box to the other. On the first habituation trial 
for each S no attempt was made to control the 
location (right or left goal box) of reinforcement. 
On all subsequent habituation trials the location 
of reinforcement was alternated. This was done 
by retracting the water tube from one goal box 
and inserting the other tube into the other goal 
box. The Ss were allowed 10 sec. drinking time 
for each reinforcement throughout the experi- 
ment. Each S was given from 10 to 24 habitu- 
ation reinforcements, inclusively. On the first 
day of apparatus habituation the goal-box doors 
were open at all times. On the second and third 
days, however, they were closed after S entered 
a goal box and started to drink. During stem 
habituation Ss were placed in the stem with the 
choice-point door closed and were allowed to 
explore. Those Ss attaining the maximum 
number of habituation reinforcements before the 
end of the fourth period of apparatus habituation 
were put into the stem immediately following the 
last reinforcement and were replaced in the stem 
for all remaining habituation periods. All other 
Ss were put into the stem during the fifth period 
and were put into the goal-box runway during 
the sixth period. Those Ss attaining the maxi- 
mum number of reinforcements during the latter 
period were removed from the runway and put 
into the stem for the rest of the period. One S 
had not been given the minimum number of 
reinforcements by the end of the sixth period. 
For this S the sixth period was extended until 
the minimum was attained. 

Original learning trials were started on the 
day following apparatus habituation. Four 


trials per day were given until a criterion of at 
least 10 correct runs in three consecutive days 
was attained. A choice was recorded as in- 
correct if S had all four feet in the incorrect alley. 
Correction was allowed on all trials. The inter- 
trial separation was approximately 15 min. On 
all trials the running procedure was as follows: 
both goal-box doors were opened and a water 
tube was inserted in the appropriate goal box; 
S was put into the starting box; the starting-box 
and choice-point doors were raised simul- 
taneously to start the trial; the starting-box 
door was lowered when S was clear of it and the 
choice-point door was lowered when'S had all 
four feet in either one of the goal-box runways; 
the goal-box door was closed after S had com- 
menced drinking; after 10 sec. of drinking, S was 
removed from the goal box. The Ss were 
randomly assigned to subgroups which were 
reinforced either on the right or left side, this 
assignment being made with the restriction that 
in each group four Ss were reinforced on one side 
and five Ss on the other. 

The Ss were not run on the day following the 
last day of original learning since the deprivation 
interval for half of the Ss was changed. This 
arrangement made it possible for all Ss to have 
14 hr. of watering preceded by 223 hrs. of water 
deprivation prior to the first day of reversal 
learning. 

Reversal-learning trial procedures were iden- 
tical with those used during original learning 
with one exception. Each S was reinforced for 
running to the goal box in which it previously 
had not been reinforced. Reversal-learning 
trials were continued for each S until the same 
criterion as that used for original learning was 
met. 


REsULTs AND DiscussioN 


Table 1 presents the days to 
criterion for both original learning 
and reversal learning for all groups 
of Ss. 

Because of marked skewness and 
lack of homogeneity of variance 
present in the data, nonparametric 
statistics were used for all significance 
tests. To test for significance of 
differences in reversal learning, Wil- 
coxon’s test for paired replicates (9) 
was used. A pair of Ss consisted of 
the two Ss in each squad given original 
learning at the same drive level. 

In reversal learning, each low-high 
S took fewer days to criterion than 
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TABLE 1 
Days To CRITERION FoR OriGINAL LEARNING AND REVERSAL LEARNING 
Days to Criterion 

Group Original Learning Reversal Learning 
Median Mean Median Mean SD 
Low-low 10.00 12.33 82 11.00 10.44 3.66 
Low-high 17.00 22.44 17.06 4.00 4.33 2.45 
High-high 4.00 8.11 30 5.00 5.22 1.40 
High-low 5.00 6.00 45 6.00 8.78 4.13 

















its low-low running mate. This re- 
sult is significant at the .O1 level. 
Seven of the nine high-high Ss reached 
the criterion more rapidly than their 
high-low running mates. This result 
barely misses significance at the .05 
level. Thus it would appear that (at 
least under the conditions of our ex- 
periment) a high drive level leads to 
more rapid attaining of a learning 
criterion than does a lower drive level 
when the response being learned has, 
at the start of learning, a low habit 
strength relative to that of a com- 
peting response. 

To check on possible ability dif- 
ferences between Ss, the sanie test 
was run on days to criterion in original 
learning. In neither case (high-high 
vs. high-low; low-low vs. low-high), 
do these results approach the .05 level 
of significance. 

The use of days to criterion as the 
response measure in the present ex- 
periment may serve to obscure an 
initially greater resistance to aban- 
doning the originally learned response 
on the part of the groups that had 
reversal learning under high drive. 
An analysis of the data, however, does 
not support this hypothesis. When 
Ss are divided according to whether 
they fall above or below the median 
of the distribution of number of 
reversal responses made on the last 
three trials of the first reversal day, 


we find a slight but insignificant 
tendency (x?<1, df= 1) for Ss 
undergoing reversal under high drive 
to make more new responses than do 
Ss undergoing reversal under low 
drive. 


Since the design of the present experiment is 
similar to that of experiments investigating the 
effects of drive differences during acquisition and 
extinction, it may be of some value to examine 
our data for matters other than that which is the 
primary concern in this study. 

Original learning—When a comparison of 
days to criterion in original learning is made 
between low-low and low-high (low-original) Ss 
and high-low and high-high (high-original) Ss, we 
find the high-original Ss reaching criterion more 
rapidly (P < .01 using Wilcoxon’s test (9) for 
unpaired replicates) than do the low-original Ss. 
This would seem to indicate that for situations 
where the habit strengths of two competing 
responses are initially approximately equal on 
the average, a higher drive level leads to more 
rapid learning. This must be stated with cau- 
tion, however, since the high-original Ss had 
more drinking exposures in apparatus habitu- 
ation than the low-original Ss (P < .01; test for 
unpaired replicates), and this conceivably could 
have affected their performance in original 
learning. 

Effect of original learning drive on reversal 
learning.—A comparison of the number of days 
to reversal criterion for Ss given original learning 
on high drive versus those given original learning 
on low drive was made by means of the Wilcoxon 
test for unpaired replicates. The result of this 
test finds the distributions not significantly dif- 
ferent at the .05 level of confidence. As a test 
of whether the performance of the Ss on the first 
day of reversal learning is influenced by the drive 
level which prevailed during original learning, 
the distribution of number of new responses on 
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the last three trials of the first reversal day was 
again divided at the median, and the number of 
Ss given original training under the differing 
drive levels falling above and below the median 
was counted. There is some tendency for Ss 
given original learning under high drive to make 
more original learning responses, but this is not 
significant (x? < 2, df = 1). 

Effects of changes in drive level —Comparison 
of days to criterion in reversal learning reveals 
that low-low and high-high (unchanged-drive) 
Ss reach criterion more slowly than do high-low 
and low-high (changed-drive) Ss, respectively. 
In neither case does this difference reach the 
.05 level of significance (Wilcoxon’s test for un- 
paired replicates) although for high-high vs. low- 
high it is significant at the .10 level. The test 
of number of Ss falling above and below the 
median number of reversal responses on the last 
three trials of the first day of reversal learning 
shows that the changed-drive Ss make more new 
responses than do the unchanged-drive Ss 
(2 = 4.05, df = 1, P< .05). This finding is 
similar to that of an earlier study (10) in which 
a decrement in habit strength resulted from a 
change in drive level as would be predicted by 
Hull’s theory (2). 


The primary purpose of this experi- 
ment was to present a situation where S 
had to learn a response in a situation 
where a strong competing response was 
present. It is, in a sense, an analogue 
of the Taylor-Spence verbal maze- 
learning experiment (8) and the Farber- 
Spence stylus maze-learning experiment 
(1). However, both of those experi- 
ments found low-anxious (presumably 
low-drive) Ss reaching criterion prior to 
high-anxious (presumably high-drive) Ss. 

The chief procedural differences be- 
tween our experiment and these earlier 
experiments would seem to be (a4) a 
species difference in the Ss used, (4) 
different learning histories of the com- 
peting responses, and (c) differences 
between the drive variables used. 

Of these three, the third alternative, 
namely, that differences in experimental! 
results are due to the differing natures of 
the drive variable and/or to the use of 
selection as opposed to manipulation 
procedures, would seem to be of primary 
theoretical importance. If this line of 
explanation is confirmed by further re- 
search, it would seem to suggest the 


necessity of reinterpretation of the 
theoretical significance of Taylor scale 
scores. 


SUMMARY * 


Using a correction procedure, four groups of 
rats were trained to run a T maze to a criterion 
of 10 out of 12 correct responses and were then 
trained to reverse the direction of response. The 
Ss ran under either 14 or 20} hr. of water depri- 
vation. At the start of reversal learning the 
deprivation interval was shifted for two groups 
but left unchanged for the other two groups. 

The results indicate that reversal learning is 
more rapid under high drive. The discrepancy 
between this result and results obtained in 
studies where drive level is defined by scores on 
the Taylor anxiety scale and the theoretical 
implications of this discrepancy are discussed. 


REFERENCES 


1. Farser, I. E., & Spence, K.W. Complex 
learning and conditioning as a function of 
anxiety. J. exp. Psychol., 1953, 45, 120- 
125. 

2. Hutt, C. L. Principles of behavior. New 
York: D. Appleton-Century, 1943. 

3. Spence, K. W. Current interpretations of 
learning data and some recent develop- 
ments in stimulus-response theory. In 
The Kentucky Symposium: Learning 
theory, personality theory, and clinical 
research. New York: Wiley, 1954. 

4. Spence, K. W., & Farser, I. E. Condi- 
tioning and extinction as a function of 
anxiety. J. exp. Psychol., 1953, 45, 116- 
119. 


“WV 


. Spence, K. W., & Taytor, J. A. Anxiety 
and strength of the UCS as determiners 
of the amount of eyelid conditioning. 
J. exp. Psychol., 1951, 42, 183-188. 

6. Taytor, J. A. The relationship of anxiety 

to the conditioned eyelid response. /. 
exp. Psychol., 1951, 41, 81-92. 

7. Taytor, J. A. A personality scale of mani- 
fest anxiety. J. abnorm. soc. Psychol., 
1953, 48, 285-290. 

8. Tayior, J. A., & Spence, K. W. The re- 
lationship of anxiety level to performance 
in serial learning. J. exp. Psychol., 1952, 
44, 61-64. 

9. Witcoxon, F. Some rapid approximate sta- 
tistical procedures. New York: American 
Cyanamid Co., 1949. 

10. Yamacucut, H. G. Gradients of drive 

stimulus (Sp) intensity generalization. 


J. exp. Psychol., 1952, 43, 298-304. 
(Received November 22, 1954) 








J 
\ 


rrF ff fF CI we Frome HO A. CUA SO 


ne woeFeHtesec- wv 


1e 
le 





Journal of Experimental Psychology 
Vol. 50, No. 4, 1955 


WISHING WITH DICE! 


R. A. McCONNELL, R. J. SNOWDON, AND K. F. POWELL 
Department of Physics, University of Pittsburgh 


Since 1943 a number of experi- 
mental papers have appeared dealing 
with an effect called “psychokinesis.” 
In a typical experiment, one or more 
gaming dice were thrown, mechani- 
cally or otherwise, while S wished the 
dice to come to rest with certain faces 
or combinations of faces uppermost. 
Under some conditions, with certain 
Ss, the dice favored the desired faces 
to a statistically significant degree. 
The effect was found to persist after 
the introduction of safeguards, in- 
cluding the use of a motor-driven cage 
to avoid direct human contact with 
the dice. 

In the preparation of the early 
experimental data for publication, an 
unusual distribution of scores was 
noticed. It was found that S’s scoring 
rate tended to drop off quickly after 
the beginning of an experimental 
session, but was raised by any short 
rest period or interruption during the 
session. Such scoring declines have 


1 The participation of K. F. Powell in this 
experiment was made possible by a $1000 grant 
from the William McDougall Research Fund of 
Duke University. The die-throwing machine 
was designed and built by Mr. W. B. Scherer, 
and upon completion was loaned to the Uni- 
versity of Pittsburgh by Dr. J. B. Rhine of Duke 
University. 

The findings of this paper were submitted for 
criticism to the following members of the faculty 
of the University of Pittsburgh: Dr. A. Ciocco, 
head of the Department of Biostatistics; Dr. D. 
Halliday, head of the Department of Physics; 
Dr. M. A. Lauffer, head of the Department of 
Biophysics; and Dr. R. A. Patton, head of the 
Department of Psychology. Professor Ciocco 
was assisted in his examination of this paper by 
Professors P. Densen and D. Horvitz of his staff. 
Professors Halliday, Lauffer, and Patton also 
served as subjects during the course of this 
experiment. The helpful suggestions of these 
men are gratefully acknowledged. 


been a frequent feature of subsequent 
papers. 

Thus, the evidence for psycho- 
kinesis rests upon two statistical 
effects. These are the total deviation 
from chance expectation of wished-for 
die faces, and the occurrence of extra- 
chance declines in the scoring rate for 
those faces. From an operational 
point of view, one might say that the 
psychokinetic effect is those two 
effects when they appear without a 
known physical mechanism to explain 
their occurrence. 

Decline and deviation effects are 
usually associated in the same experi- 
ment, but this is not always the case 
(2, 4). Originally, it was supposed 
that the relaxation obtained while 
stopping to tally up the score, or 
when beginning a new_data page, was 
sufficient to rehabilitate S’s waning 
power. It is now known that scoring 
declines cannot be regarded as a 
simple fatigue effect (7). 

The present experiment was under- 
taken as a search for psychokinesis 
under somewhat more rigidly con- 
trolled conditions than those pre- 
vailing in any past experiment, and 
with the hope that if an effect were 
found, something new about its nature 
might be learned. This is the first 
experiment combining motor-driven 
machine throwing with photographic 
recording of the dice. 

Among the errors of method and 
extraneous effects believed to have 
been successfully excluded in this 
experiment are the following: record 
errors, the loss or selection of data, 
selection of the experiment, retro- 
active choice of target, ad hoc selection 
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of the method of analysis, “optional 
stopping,” dice bias, and any hypo- 
thetical mechanical “starting effect.” 
Some of these will be discussed in this 
paper. Others of a purely mechanical 
or procedural nature have been given 
auxiliary publication.” 

Another feature of the present ex- 
periment is the use of previously un- 
tested, volunteer Ss. However, in 
this connection it should be noted that 
the procedure was one in which E was 
present and aware of the target 
number. Thus, the word “subject” 
is used provisionally or in a nominal 
sense. 


PROCEDURE 


This experiment includes approximately 
170,000 die throws by 393 Ss over a period of 18 
months. The dice were thrown two at a time. 
The first third of the die throws by each S were 
made from a rough-lined cup into a felt-lined 
tray. The last two-thirds were thrown by a 
totally enclosing, plastic cage, 90cm. long. The 
cage was turned by a motor about a horizontal 
axis perpendicular to its length at a rate of 7.5 
half-turns per minute. The transparent walls 
of the cage were studded with soft rubber obsta- 
cles to randomize the motion of the falling dice. 
One pair of dice was used throughout for the cup 
throwing, and a second pair for the machine 
throwing. 

Volunteer Ss were recruited from classrooms 
and among the friends of the Es. They were 
asked to make an appointment to throw dice at 
an hour of their own choosing in the following 
two weeks. One S and one E only were present 
at every test session. The sessions lasted about 
40 min. Each S participated only once. 

During a preliminary discussion period in- 
tended to establish an atmosphere of social 
informality and relaxation, S was asked to 
accept a target number from one to six from 
E’s list or to choose one in the same range ac- 
cording to his own preference. The S’s task 
was to wish for the falling dice to come to rest 
with the uppermost faces corresponding indi- 


2'To save journal space, 10 pages of supple- 
mentary material have been deposited with the 
American Documentation Institute. Order 
Document No. 4633 from ADI Auxiliary Publi- 
cations Project, Library of Congress, Wash- 
ington 25, D. C., remitting $1.25 for micro- 
film or $1.25 for photocopies. 


vidually to the chosen target number. A hit 
(i.e., a target face) was scored for every die face 
which agreed with that number (nominal P 
value = 4). The target number and its manner 
of choice were recorded in pencil“along with S’s 
address, etc., on the data page before the 
throwing began. The same target number was 
repeatedly recorded throughout the test session, 
six times on every data page—primarily to keep 
it in psychological prominence. Seven Ss re- 
quested and were allowed a change of target 
number during the course of their test session, 
and that fact was recorded at the time. When 
the data from these Ss are omitted, the sig- 
nificance of the observed page decline is in- 
creased. 

During the first, or cup-throwing, part of the 
experiment, E stood by the die tray and called 
out the die faces as he recorded them in pencil. 
Erasure on data pages was forbidden. The S 
was instructed to allow the dice to lie until E 
called the faces. A single die escaping from the 
tray or cocking at the tray wall invalidated the 
throw. 

During the second, or machine-throwing, part 
of the session, E and S were seated on opposite 
sides of a table which supported the die-throwing 
machine. The E operated the machine and 
recorded the data. The S was not allowed to 
touch the machine. The data were recorded 
manually, E calling the die faces as he wrote 
them down, just as in the cup throwing. In a 
few cases where S objected to E’s calling, the 
machine dice were recorded silently. 

Each throw, or half turn, of the cage was 
serially numbered by a non-resettable Veeder 
counter, permanently connected to the cage and 
automatically advanced by its motion. The 
serial number of the throw was recorded on the 
data sheet beside the die face entries at the 
beginning and end of each block of data within 
the data page. 

The organization of the data page was the 
same for cup throwing and machine throwing, 
there being one page of cup throwing and two 
pages of machine throwing. The uppermost 
faces of the fallen dice were recorded on the data 
page in blocks of 12 throws (24 dice). There 
were three data blocks in the upper half page, 
and three in the lower, making 144 dice per page 
and 432 dice per S. The plan of the experiment 
required that after each half page the throwing 
be interrupted to tally the total number of target 
hits in each of the three data blocks. 

In the case of the machine the die faces were 
also recorded photographically by the automatic, 
single-frame operation of a modified, 16-mm. 
motion picture camera. The camera solenoid 
only was switched off at the end of each upper 
half page, while counting score. The die cage 
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itself was stopped only at the bottom of each 
page. 

Overlapping controls were provided against 
selection of data by improper starting or other 
mishandling of the equipment. These involved 
a standardized starting procedure, interlocking 
of illumination and camera operation, provision 
of a shutterless timing exposure at the edge of 
each film frame, and a concealed Esterline-Angus 
Operation Recorder connected to the camera 
solenoid. 

A detailed description of the apparatus, along 
with these controls and other precautions such 
as the maintenance of a photographic film log, 
the X-ray examination of the dice, and the serial 
numbering of all data sheets in advance, will_be 
found in an auxiliary publication (Footnote 2). 

The analyses presented in this paper have 
been based upon the hand-written records and 
have been independently validated by the photo- 
graphic film. The data-block scores were 
checked, transferred to IBM punch cards, self- 
printed, proofread, and independently totaled on 
two kinds of IBM machines. The original data 
sheets were then microfilmed. After that, a 
sample of the photographic records was chosen 
consisting of approximately 50% of all machine- 
thrown data involved in the statistically sig- 
nificant page decline reported in the next section. 
The die faces were transcribed from the film and 
analyzed by a procedure controlling against 
motivated errors involving cocked dice, etc. 
The details have been given auxiliary publi- 
cation (see Footnote 2). 

The results can be summarized by saying that 
when all photographic film corrections are ap- 
plied, the observed machine-thrown page decline 
is increased by a negligible amount over the 
(manual record) figure quoted in this paper. 
The accuracy of the hand recording is indicated 
by the fact that among the more than 18,000 die 
faces transcribed from the film and checked, no 
instance was found where a nontarget die 
had been misrecorded as a target die or vice 
versa. 


RESULTS 


Earlier investigators had found two 
extra-chance statistical effects while 
throwing dice in a presumably chance 
situation. The present experiment 
was conceived primarily as a search 
for these same effects: namely, a total 
deviation of target faces above chance 
expectation, and a decline in the 
frequency of target faces. 

All of the data of this experiment 
are represented in Table 1, which 
gives the totals of the scores for each 
data-block position on the three data 
pages. The total number of die faces 
in this experiment was 169,776. The 
number of target faces was less than 
theoretical expectation by 91. This 
deviation is not significant. Thus, 
the first of the two statistical effects 
consituting psychokinesis was not 
found. 

The decline effect is not as easily 
analyzed as the total deviation. It 
is necessary to specify both the nature 
of the decline and the statistical 
method to be used in its evaluation. 
A decline in scoring rate might extend 
throughout the work of each S, or 
might exist within the data page, the 
“set,” or the data block. (The “set” 
is the amount of data taken without 
interruption. In this experiment the 
set is the half page of data.) Like- 
wise, there are a number of accepted 
statistical methods that might be 


TABLE 1 


Totrat NumsBer or Successes (Tarcet Faces) ror Eacu Data-Biock Position 
or THE TureE Data Paces 


(The number of Ss is 393. The number of die-face trials is 9432 for each position. 
Nominal P-value = }.) 











Half page Cc aa i” Machine Thrown | 
Upper 1603 1532 1570 1580 1617 1550 1661 1587 1545 
Lower 1533 1542 1530 1600 1500 1543 1612 1590 1510 
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applied to a decline to show its proba- 
bility of occurrence by chance alone. 
If the question of selection of the 
analysis is to be avoided, the method 
of the analysis must be clearly and 
uniquely sanctioned by prior use in 
the research in which the decline effect 
was discovered. Fortunately, in this 
case it is possible to choose the proper 
method of analysis without ambiguity. 

Although several methods of decline 
analysis have appeared in the litera- 
ture, some of these have been tailored 
to fit the individual experiment. Only 
two methods have been so widely used 
as to deserve consideration here. 
These are the quarter distribution of 
the page (3, 8) and the quarter distri- 
bution of the set (9). Of these, the 
quarter distribution of the page has 
been more widely employed. This 
method of analysis was originally 
chosen for its nearly universal appli- 
cability and for its sensitivity to the 
decline effect. It was applied to more 
than a half-million die throws avail- 
able at the time of publication of the 
first reports on the psychokinetic 
effect (8, p. 22). Upon this analysis, 
more than any other, the case for 
psychokinetic declines may be said to 
rest. 

The quarter division of the page is 
accomplished by halving the data page 
with horizontal and vertical lines. 
Where the vertical line cuts a data 
column, as in the case of the present 
experiment, that column is to be 
omitted (1, pp. 252 and 256; 5, p. 
195; 6, p. 292; 9, p. 257; 10, p. 155). 
Quoting from the first paper on the 
quarter-distribution analysis: “It will 
be in the measure of the decline shown 
by the diagonal distribution that the 
significance of a quarter-distribution 
will be judged” (8, p. 25). 

Thus, the statistical problem is that 
of evaluating the difference between 
the score totals in the upper left and 


lower right quadrants, that is, be- 
tween the first and last data blocks 
on the data page. This computation 
is done as follows, using.the numbers 
from Table 1: 1603 — 1530 + 1580 
— 1543 + 1661 — 1510 = 261 die 
faces. The binomial SD of this 
composite difference is 88.7, regardless 
of whether the observed or theoreti- 
cally expected values of p and gq are 
used. The same critical ratio, 2.94, 
is also obtained if one employs an 
arc-sine transformation of the total 
scores under which the variance is 
independent of dice bias. 
Alternatively, one may apply the 
null hypothesis to the sum over all 
pages of the first-last data-block score 
difference on the page. The observed 
distribution of first-last data-block 
score differences approximates nor- 
mality, and may be used to estimate 
the variance of the sum of the differ- 
ences. The SD of the difference in 
score totals based upon these ob- 
served first-last data-block score dif- 
ferences is 90.5. The resulting critical 
ratio is 2.88 which is 2% smaller 
(yielding a larger probability) than 
the ratio based upon the binomial 
hypothesis, and will therefore be used 
here. Since the number of df’s is 
large, the ¢ variate reduces to the 
normal variate. The probability by 
chance alone of a decline as great as 


that shown a 
Special intérést attaches to the last 


two out of three pages by each S 
because these were made under the 
more rigorous conditions, with the 
motor-driven cage and recording cam- 
era. Here, the critical ratio of the 
quarter distribution of the page is 
2.60, based upon the variance of the 
observed data-block score differences. 

The preceding analyses, dictated by 
precedent, establish the extra-chance 
character of the data by the custom- 
ary standard of significance. How- 
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Fic. 1. The target score pattern for the 
combined half page. Deviation of the mean 
score per die throw from the theoretical mean 
chance expectation of P = }, versus the data- 
block position on the half page: (a) for all half 
pages of data combined; (b) for all machine- 
thrown half pages combined. 
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ever, the half page, rather than the 
page, is the natural psychological unit 
in the present experiment. In Fig. 1 
the half pages have been combined to 
show their average internal deviation 
from theoretical expectation. The 
difference between the first and third 
data block for all data, as shown in 
Fig. la, has a ratio of 2.72 relative to 
the theoretical SD of that difference. 
When the machine-thrown half pages 
are considered separately, as shown 
in Fig. 1b, this critical ratio is 2,98. 

If the variance among the 18 
positions of Table 1 is partitioned in 
the usual way, the critical ratio of 
2.72 just cited for Fig. la corresponds 
exactly to the linear component of the 
variance within the half page. This 
is the only component of variance that 
reaches statistical significance. 

The chronological accumulation of 
the half-page decline is plotted in Fig. 
2 by groups of 10 Ss. Here it is 
shown that the score difference of 341 
die faces which has the critical ratio 
of 2.72 just mentioned, was ac- 
cumulated more or less continuously 
throughout the experiment. Had this 
curve fluctuated more violently in 
reaching its terminal value, it would 
indicate that the individual S vari- 
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Fic. 2. Chronological accumulation of the 
combined half-page decline: First and third data- 
block score difference versus the S number, 
computed for every 10 Ss. The final decline of 
341 die faces corresponds to the difference be- 
tween the first and third bars of Fig. la. 


ances were appreciably larger than 
the theoretical binomial value, npg. 
That such was not the case has been 
shown by exact calculation in the case 
of the quarter-distribution analysis of 
the page. , 

The decline pattern within the 
half page is given for each of the three 
Es in Fig. 3. The ratio of the differ- 
ence between the first and third bar 
to the theoretical SD of the difference 
is, respectively, for each of the three 
Es: .5, 2.5, and 2.0. This variation 
among Es is not statistically signifi- 
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Fic. 3. Pattern of mean target scores for all 
half pages, combined by £: Experimenter M, 
173 Ss; Experimenter S, 132 Ss; Experimenter 
P, 88 Ss. 
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cant. Consequently, these data offer 
no basis for a conclusion as to whether 
the decline effect occurred with all 
three Es. 


Because the significance of the present 
experiment lies in the decline of scoring 
rate within the data page, and because 
the same target number was used 
throughout the page, the question of dice 
bias toward a particular face is irrelevant. 
It might be argued, however, that the 
decline in scoring was caused by some 
unspecified physical influence called into 
play by the start of die throwing. In- 
cluded here might be such things as 
temperature changes, electrostatic forces, 
and condensed vapor layers on the dice. 
This counterhypothesis would presume 
that, whatever the physical effect might 
be, it was modified as the dice approached 
an equilibrium operating condition, and 
in this way gave rise to the scoring 
decline. This idea will now be examined 
in detail. 

The record of how the dice fell exists 
independently of the particular target 
number for which § wished. That is to 
say, the way in which the dice were 
thrown and recorded was in no way 
different regardless of whether S wished 
for 1’s, for 2’s, or 3’s, etc. One could, 
for example, perform a large number of 
imaginary experiments merely by re- 
scoring the same available data according 
to a new sequence of target numbers. 
In particular, one might set up a random 
sequence of targets (one target per S) 
and calculate the resulting “decline 
effect.” It can be shown mathematically 
that for a random sequence of targets 
the decline effect must (on the average) 
equal zero regardless of how biased or 
nonrandom the dice behavior may have 
been. 

The basic idea here is that since a die 
can fall in only six mutually exclusive 
ways, a tendency for one face to appear 
in any cyclic pattern must be exactly 
compensated by the tendency of all other 
faces collectively to appear in the inverse 
pattern. If, therefore, from S to S, the 
target number wanders randomly be- 
tween one and six, all systematic scoring 


ha 
° 
co 





z 

Ww 

2% 

Ja 

S  +01F oi 

= . Fe 
a 4 

3 ra 

an 

aw oF 

ua wo 

ns sf 
wW 7 

5S ol FACE 32 

c 


! 2 3 4 5 6 


Fic. 4. The rate of page decline compared 
for target and nontarget numbers, for all 386 Ss 
who used a single target number within their 
experimental session. 


patterns will cancel out except those that 
are linked to the target-number sequence. 
This type of experiment is automatically 
self-controlling against extraneous physi- 
cal influences, provided the target se- 
quence is random. 

In the present experiment, the target 
numbers that were actually used form 
an essentially random sequence—with 
one exception: some target numbers 
were used more often than others.’ This 
raises a logical possibility that the ob- 
served decline effect was the result of 
some uncomprehended, but ordinary, 
physical cause associated with the die 
faces that were aimed at more often, and 
that the concomitant, compensating 
incline effect occurred on those die faces 
that were aimed at less often. 

However, when the results obtained 
are separated according to target num- 
ber, it is found that a decline effect 
occurred for ai] targets. Thus, the 
decline effect cannot be explained by 
the foregoing counterhypothesis. At most 
it can be slightly reduced (or increased) 
in size. By a further analysis of the 
data it is possible to determine quanti- 
tatively how much the decline effect can 
be changed under the assumption that 
some spurious causal factor is at work in 
the manner above described. 


?When the data are divided according to 
whether the target number was chosen by S or 
taken from E’s list of numbers, the rate of page 
decline for all pages is .0100 die faces per die pair 
for the 112 Ss who chose targets and .0089 for 
the 281 Ss who accepted targets from the list. 
The difference is not significant. 
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To make this evaluation the data were 
rescored to show the “decline effect” 
that occurred on the number one face for 
those trials in which the number one was 
not the target. This was compared with 
the decline effect that occurred for those 
trials in which one was the target, and 
similarly, for the targets two to six. The 
results are shown in Fig. 4, for more than 
98% of the data used in the “quarter 
division of the page” which yielded the 
previously quoted probability figure of 
.002. The only deletions are of those 
seven Ss who, as mentioned earlier, 
requested a change of target during the 
experimental session. 

These results can be used to evaluate 
the starting effect counterhypothesis in 
the following way. The target and non- 
target declines for face number one are 
combined to determine a total rate of 
decline which, lacking further informa- 
tion, one must assume to be typical of 
face number one under the assumption 
that the psychokinetic effect does not 
occur. The rate of decline when some- 
one is wishing (i.e., the target decline) is 
found to be higher than the total rate of 
decline. Only the difference in these 
rates of decline is counted as evidence of 
psychokinesis. When this calculation is 
made for all of the faces from one to six, 
the total target decline is reduced from 
263 to 261.5 faces, an entirely negligible 
decrease. (The variation shown among 
the several die-face numbers in Fig. 4 is 
not statistically significant.) Further 
details are given in an auxiliary publi- 
cation (see Footnote 2). 


SUMMARY 


Approximately 170,000 dice were “thrown” 
by 393 previously untested persons to determine 


whether dice are influenced by “wishing.” 
Two-thirds of these dice were automatically 
photographed within a totally enclosing motor- 
driven cage operated by E. The total score was 
not significantly different from chance expec- 
tation. However, in the manner anticipated 
from the work of earlier Es, the rate of scoring 
declined over the data page with a chance 
probability of .002. 
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EFFECT OF ADDITIONAL SPATIAL REFERENCES ON 
DISPLAY-CONTROL EFFICIENCY ! 


W. D. GARVEY AND L. L. MITNICK ‘. 
Naval Research Laboratory * 


In an attempt to develop a syste- 
matic theory of display-control design, 
several studies (1, 2, 3) have demon- 
strated the importance of properly 
matching stimulus and response sets 
to obtain optimum performance from 
the operator of a display-control 
system. These studies showed that 
performance was best when display 
and control were matched so that an 
isomorphic relationship existed be- 
tween stimulus and response sets; i.e., 
the spatial arrangement of stimulus 
elements on the display was identical 
to that of the response elements on the 
control. The purpose of the studies 
reported here was to determine if the 
efficiency of a display-control system 
can be increased independently of 
changes in the isomorphic relationship 
between the S-R sets. 


EXPERIMENT I 


Figure 1 shows the four display- 
control systems used in this experi- 
ment. They are made up of display 
panels of neon lights, push-button 
controls, and the center lines; these 
systems are the same as those used in 
an earlier experiment (2) except for 
the additional center lines shown on 


1 The opinions or assertions contained herein 
are the private ones of the writers and are not to 
be construed as official or reflecting the views of 
the Navy Department or the naval services at 
large. 

2 The writers wish to acknowledge the valu- 
able suggestions made by Drs. W. B. Knowles 
and F. V. Taylor in setting up the experiment 
and interpreting the data. Also they wish to 
express their appreciation to Miss Jean B. 
Henson and Mr. E. P. Newlin, who assisted in 
collecting and analyzing the data.” 


this figure. Since, in the earlier ex- 
periment, systems without lines were 
indicated by letters C, D, E, and F, 
the present systems with lines become, 
respectively, C’, D’, E’, and F’. 

In the earlier experiment (2) analy- 
sis of response times to the different 
stimuli on System C revealed a sharp 
increase in response times from the 
periphery to the center of the matrix, 
i.e. response times to stimuli arising 
in the center of the display were 
approximately three times as great 
as those in the periphery. A similar 
analysis of response times to stimuli 
on System D revealed a more complex 
pattern, since two lights constituted 
a stimulus element. In general, it 
was found that the farther a stimulus 
element was located from either the 
top or bottom of a column, the longer 
the resulting response time. How- 
ever, the maximum differences be- 
tween response times to stimulus 
elements located in the center and 
those located at the ends of the 
columns were not as large as the differ- 
ences found between the peripheral 
and central response times for System 
C. Analyses of response times for 
Systems E and F did not reveal either 
of these patternings. In _ general, 
response times to signals on Systems 
E and F were of the same order of 
magnitude as those found for the most 
centrally located lights for System C. 

These response-time patterns indi- 
cated that in Systems C and D an 
isomorphic relationship between stim- 
ulus set and response set permitted Ss 
to use certain spatial references in 
responding to some of the stimuli: 
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Fic. 1. Displays and controls. The hollow circles represent the display lights and the filled 


circles represent the control buttons. 
placed on the units for the experimental group. 


e.g., the sides of the matrices in 
System C and the ends of the columns 
in System D. Longer responses were 
made to stimulus objects located 
remote from these spatial references. 
It would appear that internal inter- 
ference was greatest among those S-R 
elements which were not situated near 
the spatial anchors. Thus, one way 
of reducing this interference would be 
to provide additional references at the 
location of the greatest interference. 
Additional references were provided 
in the present experiment by adding 
horizontal and vertical center lines so 
that Systems C’ and D’ are formed as 
shown in Fig. 1. It was hypothesized 
that the net result would be an over- 
all increase in the efficiency of oper- 
ating Systems C’ and D’. 

An isomorphic relationship between 
display and control and the resulting 


The horizontal and vertical lines represent the additional lines 


spatial references do not exist in 
Systems E and F; Ss have to trans- 
form information from one coordinate 
system to another. Thus it was 
hypothesized that there would be no 
appreciable reduction in the amount 
of internal interference nor any over- 
all improvement in performance by 
the addition of center horizontal and 
vertical lines. 


Method 


A pparatus.—Detailed descriptions of the 
general apparatus have been reported (2, 3). 
Two displays were used: (a) a 10 X 10 matrix 
of 100 lights, and (6) two columns of 10 lights. 
The physical layouts of the controls and the 
displays were equivalent: (a) a 10 X 10 matrix 
of push buttons, and (+) two columns of 10 push 
buttons. For the experimental group lines were 


present on the displays and controls; for the 
control group these lines were not present. The 
Ss’ task was to press the control buttons identical 
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in letter-number code to the display lights. 
Stimulus presentation was self paced. 

Procedure-—Two weeks’ practice was given 
on a display-control system which consisted of 
two rows of ten lights and two rows of ten push 
buttons. Previous experimentation indicated 
that performance on this system was highly cor- 
related (r = .93) with performance on the 
systems to be used in the experiment proper. 
Thus, it was planned to use the practice per- 
formance scores to adjust the experimental data 
in an analysis of covariance. At the end of the 
practice period, eight naval enlisted men were 
divided into two groups of four men each. The 
experimental Ss were given one trial of 100 
stimuli a day on each of the four systems shown 
in Fig. 1 for a period of 26 days. Sixteen ran- 
domized sequences of 100 stimuli were used. 
Systems and sequences were counterbalanced, 
the orders being systematically varied from day 
to day. Efficiency was measured in terms of 
rate of responding (mean number of responses 
per second). Throughout the experiment Ss 
were reminded before each trial how the system 
was to be operated and that they should respond 
as fast as possible without making errors. 
Error scores were also recorded as a check that 
Ss were not achieving speed at the expense of 
accuracy. The control group operated under 
these same experimental conditions but with the 
reference lines omitted. 

From Trials 27 through 36 the lines were 
removed from the systems which the experi- 
mental group had been operating, and this group 
was required thereafter to perform without 
benefit of lines. The control group continued 
to operate the systems during this period as they 
had done for the first 27 trials. 


Results * 


The effect of adding lines—The 
general results are shown in Fig. 2. 
Using the means of the last five pre- 
experimental task trials as the ad- 
justing data, analyses of covariance 
were performed. The differences be- 
tween each experimental system and 
its control were tested for significance. 
From Trials 1 through 26, using only 
the data for every third trial, the 


3 A 24-page table giving critical summaries of 
data as well as the results of the statistical 
analyses has been deposited with the American 
Documentation Institute. Order Document 
No. 4634, remitting $2.00 for microfilm or $3.75 
for photocopies. 
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Fic. 2. Rate of responding (mean responses 
per second) for the display-control systems on the 
36 practice trials. One trial consisted of each of 
the 100 possible stimulus alternatives. 


experimental group responded faster 
on Systems C’ and F’ than the control 
group did on Systems C and F (P < 
01). The differences in rate of re- 
sponding were not significant between 
Systems D and D’ (P >.10) nor 
between Systems E and E’ (P > .05). 
With all systems, errors were found 
to average about 3% of the responses 
and were distributed randomly. It 
should also be pointed out that the 
efficiency of systems with lines ranked 
in the same order as those without 
lines. 

The effect of removing lines.—The 
data of Trial 27 when subjected to 
similar analyses of covariance indi- 
cated that when the lines were re- 
moved from System C’, the experi- 
mental group responded at a rate 
significantly slower than the control 
group (P < .01). Removal of the 
lines from the other three systems 
resulted in no significant differences 
between groups. 
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Analyses of covariance performed 
on the data for Trials 27 through 36, 
again using data for every third trial 
only, showed that the experimental 
group continued to operate System C 
at a significantly slower rate than the 
control group throughout these trials 
(P < .05); no significant differences 
were established between groups for 
the other systems. 

Removal of the lines resulted in a 
significant decrease in rate of re- 
sponding for all systems when the 
differences between Trials 26 and 27 
for the experimental group were 
tested by the matched ¢ test (P < 
.05). 

The analysis of component S-R 
elements.—The polygraph records for 
Trials 23 through 26 were analyzed in 
detail and a mean response time for 
each S-R element was obtained from 
this sample of 16 readings. Three- 
dimensional models such as those 
presented in the previous study (2) 
were constructed to show mean laten- 
cies of the S-R elements as the heights 
of bars, where the cells represent 
specific stimuli identified by the 
letter-number code. To test for the 
presence of a pattern each response 
time matrix was tested for a signifi- 
cant row by column interaction by 
analysis of variance. These analyses 
indicated that the patterns for all 
systems except C’ differed reliably 
from a flat surface (P < .05). To 
test for differences between the pat- 
terns of a system with lines and its 
control, a matrix of cell differences 
was constructed and an analysis of 
variance was performed to determine 
the significance of the row by column 
interaction. The pattern differences 
between Systems C and C’ were found 
to be highly significant (P < .01). 
Systems D, E, and F when tested 
against D’, E’, and F’, respectively, 
revealed no significant differences in 
the response-time patterns. 


Discussion 


The results point out two important 
factors determining the efficiency of a 
display-control system: (a) the isomor- 
phic relationship between stimulus and 
response sets, and (4) the degree to which 
internal interference among stimuli may 
be eliminated. 

The addition of the center lines had 
the most beneficial effect on System C. 
The response-time model for System C 
indicated that the internal interference 
is greatest among stimuli arising from 
the center of the display. By placing 
lines on the matrices so as to intersect 
at the middle of the central lights and 
buttons, the interference among the 
stimuli was reduced. Adding lines re- 
duced the response latencies to the 
central signals to a level equivalent to 
that of the peripheral signals. Thus, 
without disturbing the isomorphic re- 
lationship between stimulus and response 
sets, the efficiency of System C was 
improved by providing additional spatial 
structuring to the panels. 

On the other hand, no significant dif- 
ferences were found between the per- 
formance of Ss on Systems D and D’. 
An examination of the response-time 
models for Systems D and C revealed 
that the ratio of response times in the 
area of maximum interference to the 
area of minimum interference was 1.4, 
where as for System C the equivalent 
ratio was 3.2. This suggests that if the 
internal interference among stimuli is not 
large as in System D, then the addition 
of lines should not furnish spatial anchors 
of any psychological advantage in re- 
ducing the internal interference. 

The relationship between display and 
control of System E is such that there are 
no clear-cut spatial relationships between 
stimulus and response sets. Thus, add- 
ing lines would not be expected to 
furnish additional spatial references on 
this system. The same reasoning should 
hold true for System F. However, 
System F was improved by the addition 
of lines. Since this system permits 
no simple spatial relationship between 
stimulus and response sets, this result 
suggests the appropriateness of an hy- 
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pothesis which differs from the original 
hypothesis that reference lines will tend 
to increase the efficiency of isomorphic 
display-control systems and will not 
increase efficiency in the nonisomorphic 
systems. When it is noted that the one 
thing in common between Systems C’ 
and F’ is that they use a matrix for 
controls, it is suggested that the factor 
which interacts with reference lines is not 
isomorphism between displays and con- 
trols, nor is it reference lines in the 
stimulus component (as in E’); rather 
the results suggest that the introduction 
of lines may serve to reduce the inter- 
ference of control elements when such 
elements are arranged in a matrix. 

Effect of removing the lines —The re- 
moval of lines on Trial 27 caused a 
significant disturbance of performance 
on all systems (P < .05), but it is 
evident that disturbance was greatest 
when System C’ was changed to System 
C. This would indicate that Ss were 
relying on the lines to operate all systems 
to some extent. With Systems C’ and 
F’ such reliance resulted in better per- 
formance than was obtained with the 
control group, while with Systems D’ 
and E’ no significant difference in per- 
formance between the two groups was 
found. However, removal of the lines 
disturbed performance to the extent that 
it dropped significantly below the mean 
level of performance of the control group 
only on System C’. It is significant to 
note that, when the lines were removed 
from System F’, experimental Ss began 
to respond slower as compared to the 
previous trials, but not significantly 
slower than the control Ss. 

It appears that Ss may have developed 
a specific method for coding certain S-R 
elements on System C’ which was de- 
pendent upon the presence of lines. 
When the basis upon which this method 
of coding depended was removed, Ss had 
to learn a new code for these S-R ele- 
ments. The fact that the experimental 
group remained poorer than the control 
group for the remaining 10 trials would 
indicate a difficulty in abandoning the 
old and adopting a new method of coding. 
Furthermore, that this was not the case 


for System F would lend support to the 
inference that the lines did not alter the 
operator's method of coding with this 
system; rather they facilitated in some 
manner a method similar to that which 
control Ss used without benefit of lines. 


EXPERIMENT II 


In Exp. I the addition of two lines 
on the display and control of System 
C materially improves performance. 
Observation of the response-time 
model for System C’ revealed that it 
was essentially flat. It would appear 
that adding two lines has reduced the 
internal interference among the cen- 
trally located stimulus elements so 
that Ss respond to all stimuli with 
equivalent difficulty. Thus, it would 
be predicted that two reference lines 
are sufficient for reducing the internal 
interference among stimulus elements 
on this system, and no further benefit 
would be gained by adding more than 
two lines. Exp. II was conducted to 
test this prediction. 


Method 


In general the apparatus and procedure was 
identical to that of Exp. I. The matrix display- 
control system and four modifications shown in 
Fig. 3 were used in this experiment. An 8 X 8 
matrix, instead of the 10 X 10 of Exp. I was 
used to permit symmetrical placement of the 
reference lines. 

Five naval enlisted men, not used in Exp. I, 
were given two weeks of practice on the same 
pre-experimental task given the groups in Exp. 
I. Each S was then presented 64 stimuli (each 
of the possible S-R alternatives) a day on each 
of the five systems shown in Fig. 3 for a period 
of 23 days. Systems and sequences were counter- 
balanced and varied systematically from day to 
day. 


Results‘ 
The effect of additional lines——The 


results are presented in Fig. 4. 
Matched ¢ tests performed on the 
data for the last eight trials indicated 


4 See footnote 3. 
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Fic. 3. Display and controls in Exp. II. 


that: (a) performance on Systems C, 
and C, was equivalent (P > .05), and 
(b) performance on Systems C2, Cs, 
and C, was also equivalent (P > .05), 
but (c) performance on Systems C, 
and C, was significantly poorer than 
that on Systems C2, C3, and Cy (P < 
01). 

The analysis of component S-R 
elements.—Analyses of the response- 
time patterns similar to those of Exp. 
I indicated that the patterns for 
Systems C, and Cs were reliably dif- 
ferent from a flat surface (P < .05), 
but that the difference between the 
two surfaces was not significant (P > 
05). Patterns for Systems Co, Cs, 
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Fic. 4. Rate of responding (mean response 
per second) for the display-control systems on the 
23 practice trials. One trial consisted of each of 
the 64 possible stimulus alternatives. 


and C, were not found to differ sig- 
nificantly from a flat surface (P > 
.05) and the differences between these 
patterns were attributable to chance 


(P > .05). 


Discussion 


From Fig. 4 it can be seen that there 
was no further improvement in_per- 
formance caused by adding more than 
two lines. It may be inferred that for a 
system of this size two lines are sufficient 
to reduce internal interference among the 
stimuli in the center to a minimum. 
When all the lights and buttons are 
surrounded by lines, performance became 
as poor as when no lines were present at 
all. These additional lines prevented Ss 
from using spatial references other than 
the ones used in operating System C;. 
That there were no differences either in 
rate of responding or the response-time 
patterns would lend support to this 
reasoning. 

These studies were conducted in an 
effort to obtain a better understanding 
of the factors underlying efficient display- 
control relationships. Display-control 
relationships which proved to be most 
efficient have all exhibited an isomorphic 
relationship between stimulus and re- 
sponse sets. These isomorphic rela- 
tionships between sets engender spatial 
cues, which facilitate S’s performance 
in identifying S-R elements. The ef- 
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ficiency of a system can be further 
enhanced by providing additional spatial 
references to those S-R elements where 
the original references are least effective 
and the interference among stimuli is 
greatest. It is likely that the human 
operator uses certain configurational 
processes which are effective in organ- 
izing spatial groupings of lights and 
buttons and in providing references 
which are not directly present in the 
structural aspects of the system. Thus, 
although Ss may rely more on the struc- 
tural references with System C, than 
they do with System C2, the two lines 
in System Cz seem to supply sufficient 
cues to the operator to make configu- 
rations on C, equivalent to Cy, with the 
result of no difference in performance on 
the two systems. The results, therefore, 
support the prediction made from Exp. 
I, i.e., since the addition of two lines 
reduces the internal interference among 
stimuli to a level where all S-R elements 
are equivalent in difficulty, no further 
benefit is gained by increasing the 
number of referents. Furthermore, the 
data indicate that the addition of an 


excess of spatial referents significantly 


interferes with performance. In terms 
of display-control design it appears that 
the benefit to be gained by adding spatial 
referents such as lines, markers, indices, 
etc. is determined by the degree of inter- 
ference among stimuli, and that it is 
equally poor design to provide referents 
in excess of those necessary to reduce the 
interference to a minimum as it is to 
neglect the provision of referents ade- 
quate to reduce the interference. 
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SUMMARY 


Two experiments were conducted to deter- 
mine the effect of additional spatial references on 
display-control efficiency. The purpose of Exp. 
I was to determine if the efficiency of a display- 
control system could be increased independently 
of changes in the isomorphic relationships be- 
tween S-R sets by the addition of spatial refer- 
ences on each display and control in the area of 
the greatest interference. A measure was ob- 
tained of amount of internal interference among 
the stimuli associated with each display-control 
system. In Exp. II, the number of additional 
spatial reference lines was varied. The results 


indicated : 


1. The degree of isomorphic relationship 
between S-R sets is an important determinant 
of display-control efficiency. 

2. The efficiency of a display-control system 
can be further enhanced by providing the oper- 
ator with additional spatial references on the 
system where the internal interference among 
stimuli is greatest. 

3. The addition of spatial references, after 
internal interference had been reduced to a 
minimum, does not further enhance performance. 

4. The addition of an excessive number of 
spatial references significantly deteriorates per- 
formance. 
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